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Abstract 
Parks Canada’s mandate directs the park to manage for ecological integrity, which includes 
restoration of anthropogenically altered landscapes back to their natural state. In this case, 
restoration means re-aligning Octopus Creek in Riding Mountain National Park back to its 
natural flow path. The original diversion was created with the intention of minimizing nutrient 
loading to Clear Lake and helped to maintain an ideal spawning habitat for northern pike in 
South Lake. Redirecting this human constructed channel back to its natural flow path could have 
implications for water levels and therefore, critical fish spawning habitat. A water balance which 
included all of the inflows and outflows of South Lake was conducted over two field seasons. 
Surface water, groundwater, evaporation, and precipitation were quantified. A water quality 
study was also conducted to monitor a point source of pollution, the Wasagaming Wastewater 
Lagoons, and to determine if non-point source pollution was occurring (alike many of the 
previous studies conducted in this study area). It was found that there is an excess amount of 
nitrogen and phosphorus entering the system. It was also concluded that the constructed channel 
is a significant source of surface water to South Lake. Therefore, redirecting the natural flow 
path into Clear Lake could have negative impacts on its current trophic status and could reduce 
available northern pike spawning habitat within South Lake. It is recommended that the 
hydrological system remains the way it currently flows. 
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1. Introduction 
1.1 Context 
 This thesis comprises three manuscripts that address the issue of the restoration of the 
path of Octopus Creek within Riding Mountain National Park and its potential impacts to South 
Lake and Clear Lake. Chapter 2 deals with the water quantity whereas Chapter 3 deals with the 
water quality of the potential restoration. Chapter 4 uses the results of previous studies and the 
chapters within this thesis to make management recommendations to the park, while considering 
the jurisdictional and mandate requirements that the park has. However, to understand why the 
research was conducted the way it was, the reader must be familiar with how Parks Canada 
operates, which is the focus of this introductory chapter. The chapter concludes by placing the 
succeeding chapters into context of a single comprehensive work. 
1.2 Parks Canada’s Management Responsibility 
It is the responsibility of the Parks Canada Agency to establish and manage significant 
examples of Canada’s natural and cultural heritage in ways that ensure ecological integrity 
(Parks Canada Agency, 2008). Parks Canada defines ecological integrity as “a condition that is 
determined to be characteristic of its natural region and likely to persist” (Canada National Parks 
Act, 2018 pg. 1). Ecosystems have integrity when they have their native components intact 
including abiotic components or physical elements, biodiversity such as the composition and 
abundance of native species and biological communities, and ecosystem elements including rates 
of change and supporting processes (Parks Canada, 2018). In order to determine if the ecological 
integrity of an ecosystem is being protected, maintained, and preserved, monitoring and 
reporting activities must occur.  
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Monitoring programs provide valuable information to park managers as they aid in 
detecting if or when ecological integrity of one part or of a whole ecosystem is at risk of 
becoming degraded. If it is the case that ecological integrity is deteriorating, active management 
and restoration activities take place (Parks Canada Agency, 2008). In collaboration with 
provincial and territorial protected areas, Parks Canada Agency developed three “guiding 
principles for action” with regards to the restoration of ecological integrity (Parks Canada 
Agency, 2008, pg. 6): 1) ecological restoration must be “effective in restoring and maintaining 
ecological integrity”; 2) ecological restoration must be “efficient in using practical and economic 
methods to achieve functional success” and; 3) ecological restoration must engage “through 
implementing inclusive processes and by recognizing and embracing interrelationships between 
culture and nature”. These principles are kept in mind when conducting restoration activities that 
are required to take place when ecosystems become altered, especially when alteration by human 
activity occurs. 
Canada’s national parks are faced with many stressors; some of which are caused by 
human activity. Human land use practices both inside and outside park boundaries can impact 
the ecosystems within. Therefore, it is important that ecosystem based management takes place 
when considering monitoring and restoration programs. Ecosystem based management is a 
holistic approach that takes into consideration a whole ecosystem instead of individual species or 
communities (Parks Canada, 2017). If land use practices outside the boundary of a park are 
impacting the natural processes of an ecosystem within, stakeholders and other government 
organizations should work together to develop a monitoring program to ensure that the 
ecological integrity of ecosystems outside and within the park boundary can persist.  
1.3 Managing for Ecological Integrity 
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 Some ecosystems are more difficult to manage and protect than others because of their 
connectivity. This is true for watersheds, where lower order streams connect to higher order 
streams and eventually drain into a common receiving water body. Sources of point and non-
point source pollution can have a significant impact on downstream water quality (Alexander, et 
al., 2007). Eutrophication is currently one of the top water quality concerns for freshwater 
ecosystems (Davis, et al., 2006). Reducing the nutrients that contribute to eutrophication, namely 
nitrogen and phosphorus, before they enter the hydrological system addresses the source of the 
problem (World Health Organization, 1999). In many cases, this may be hard to achieve. 
Therefore, resource managers have resorted to using naturally occurring processes such as 
downstream interception or retention, and mitigation or bioremediation to reduce nutrients in the 
environment.  
 Wetlands have the ability to provide ecosystem services such as sediment and nutrient 
retention and water purification (Mitsch and Gosselink, 2000). These activities are often referred 
to as bioremediation and can be taken advantage of in natural or constructed wetlands. Hydraulic 
loading rate, hydraulic retention time, and vegetative composition can all impact the amount of 
or rate at which bioremediation occurs. The biology of wetlands and water bodies can be 
understood by studying hydrology and water chemistry. This will provide resource managers 
with the baseline data on freshwater indicators to determine if the ecosystem withholds 
ecological integrity. Humans often alter hydrological flow paths to redirect water to a different 
receiving body that may not naturally receive excess nutrients or additional amounts of water. By 
the standards of Parks Canada, an altered flow path would conflict with their mandate in that it 
would no longer be natural. 
1.4 Study Site 
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 Riding Mountain National Park (RMNP) is a 2,969 km² nationally protected area located 
in south western Manitoba. It is completely surrounded by agricultural activities and human 
development. Wasagaming, the only community located within the park’s boundaries, is located 
on the south shore of Clear Lake. Clear Lake is considered to be oligo-mesotrophic with little 
productivity, but supports the greatest diversity of phytoplankton, zooplankton, benthic fauna, 
and aquatic vegetation and fish compared to other lakes in RMNP (Glufka, 1992). Clear Lake is 
the only source of domestic water for Wasagaming and Elkhorn Resort as well as parts of the 
rural municipality of Harrison Park (Glufka, 1992; Hanson, 2018 Pers. Comm.). It is also the 
most popular lake in RMNP for recreational activities including boating, fishing, and other water 
sports. As such, water quality is an important concern.  
 Located on the south central shore of Clear Lake is South Lake which is a shallow, cut-
off bay of Clear Lake (Glufka, 1992). The lake is considered to be eutrophic with excessive plant 
growth and algae forming over the course of the summer months. Over the years, wind and wave 
action built up a baymouth bar between the two lakes. During periods of high water, there is an 
opening in the baymouth bar (locally the baymouth bar is called the Isthmus, and to remain 
consistent with previous studies it will continue to be referred to as the Isthmus) that 
hydrologically connects the surface water of the two lakes. When connected in the spring, it 
allows fish to move from Clear Lake to South Lake to spawn; specifically northern pike (Esox 
lucius L.) (Heap, 1987; Fawcett, 2011; Thomas, 2011); fishing is prohibited in South Lake. If the 
Isthmus closes early in the spring, it prompts fishermen to reopen it to let the fish out of South 
Lake and into Clear Lake so they can be caught. The park does not regulate or manage this; 
therefore, the Isthmus can be reopened at any time during the summer by visitors. This creates an 
even more interesting dynamic as South Lake has the potential to receive and therefore, 
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contribute excess nutrients to Clear Lake. Historically, there was a wetland at the westernmost 
end of the Isthmus. The exact year and reason for filling it in and permanently closing it off is 
unknown, but it is speculated that it was to create a consistent walking path on the southern 
portion of the lake (Pers. Comm. B. Reside, 2016; Pers. Comm. C. McKillop, 2018). 
  Octopus Creek drains Octopus Lake towards RMNP (see Figure 2-1) and is mostly 
located outside the boundaries of the park (Neumann, 2013). Because it is surrounded by 
agricultural land use practices and human development, there is the potential for it to acquire 
excess nutrients such as nitrogen and phosphorus from fertilizer runoff and septic fields. 
Naturally, Octopus Creek drained directly into Clear Lake. In 1936 a berm was built to divert the 
creek to flow west and into Ominnik Marsh. In 1961, a channel was constructed to divert 
Octopus Creek to flow through Ominnik Marsh and west into South Lake instead because of 
water quality concerns. This created a longer residence time and flow path for the water in hopes 
that bioremediation would occur (Neumann, 2013). Although some reduction of nutrients may 
occur, it has been confirmed in the past that Octopus Creek contributes to unhealthy amounts of 
nutrient loading in South Lake (Bergman, 1987; Belke and McGinn, 2003). 
 Ominnik Marsh is the center point of this system and is theoretically, supposed to act as a 
filter for the receiving waters before redistributing it to eventually end up in Clear Lake. Up until 
the 1950s, wastewater from the town of Wasagaming was diverted directly into Ominnik Marsh 
(Rousseau, 1992). It was not until the 1960s that a single celled lagoon was constructed just 
south of the marsh. This primary treatment cell allowed "a considerable amount of pollution" to 
be released into Ominnik Marsh as it was hydraulically overloaded and often overflowed into the 
marsh in the summer (Belke and McGinn, 2003). As a result of this, two more cells were 
constructed in the 1970s. It is expected that with these two sources of surface water, Octopus 
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Creek and the lagoon, there is the potential for excess nutrients to enter the hydrologic system 
and potentially contribute to nutrient loading through point and non-point sources.  
1.5 Objectives 
 
 Because Parks Canada is mandated to protect for ecological integrity, the restoration of 
anthropogenically altered systems back to their natural state is imperative. In this case, 
restoration means re-aligning the natural flow path of Octopus Creek. The concern is that with 
the alteration of the flow pattern and because of the origin of the water entering the hydrologic 
system, there could potentially be negative effects on the amount of surface water, the water 
chemistry, and fish habitat of South Lake and Clear Lake. In order to understand this system and 
the potential impacts restoration could have on South Lake, water quantity (water balance; 
Chapter 2) and water quality (Chapter 3) studies were undertaken. A water balance study was 
undertaken to determine the potential impacts that cutting off or rerouting the surface water 
would have on South Lake’s water level, and when combined with water chemistry, 
encompasses the two most common concerns associated with water bodies: quantity and quality. 
Placing this study into context with previous studies highlights the importance of past and 
present (this study) management recommendations (Chapter 4). Understanding how this 
restoration could impact both South Lake and Clear Lake will allow resource management 
officers in RMNP to make informed management decisions about how to proceed. 
  
7 
 
2. Water Balance of South Lake, Riding Mountain National Park 
2.1 Introduction  
It is a requirement within Parks Canada’s mandate to monitor the state of their 
ecosystems within their protected areas and to manage, maintain, or restore ecological integrity 
where it has deteriorated (Parks Canada Agency, 2000). Therefore, when abiotic components and 
ecosystem processes are altered within a National Park, it is the duty of Parks Canada to restore 
them back to the natural state, as long as ecological integrity is preserved. This encompasses 
native plants and wildlife, as well as the natural ecological processes that occur (Parks Canada, 
2016). In some cases restoration efforts may have negative impacts if the altered system has 
undergone large amounts of stress or has come to a new equilibrium because the time since the 
disturbance is considerable (Hobbs et al., 2009). Sometimes, the stress is caused by land use 
changes outside the boundaries of the park which impact the natural ecosystem within. 
Parks Canada is also mandated to protect and present nationally significant examples of 
Canada’s natural and cultural heritage (Parks Canada, 2002). Lakes, streams, and rivers are 
amongst the most important resources in national parks. Culturally, they encourage people to 
participate in recreational activities and often offer a source of drinking water. Naturally, aquatic 
floral and faunal species depend on these systems for their survival. In order to reduce pollutants 
to sensitive receiving water bodies, polluted flow paths are sometimes altered to distribute the 
water elsewhere. Thus management issues arise in order to maintain the quantity and quality of 
water required for the ecosystem function of the receiving body of water. Making informed 
management decisions for a watershed typically requires an understanding of the water balance 
within the watershed. Such a decision is currently being discussed in RMNP concerning re-
establishing the natural flow path of a small stream in the Clear Lake watershed. 
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The Clear Lake watershed in Riding Mountain National Park (RMNP) drains an area of 
134 km2 (Moore et al., 1997) and the point to which its ten sub-basins drain is Clear Lake, a 
2,947 ha, deep (maximum depth of 34.2 m, average depth of 11.5 m), oligo-mesotrophic lake 
(Glufka, 1992; Parsons and McGinn, 1999). A 1 km long, by 6-50 m wide sand bar divides Clear 
Lake from South Lake; a shallow (mean depth of 0.7 m) cut-off bay of Clear Lake (Scott and 
Sellers, 2005). South Lake is important spawning habitat for northern pike (Fawcett, 2011; Heap, 
1988; Thomas, 2011) and when the lakes are hydrologically connected intermittently through a 
break in the sand bar during periods of high water, it allows fish to move freely between the 
lakes. Therefore, this opening is crucial to sustain healthy populations of northern pike in Clear 
Lake (Fawcett, 2011; Heap, 1988). 
The Octopus Creek watershed is the largest sub-basin (34 km2) of Clear Lake(Hilderman, 
2005; Moore et al., 1997), most of which (>90%) is located outside the park’s boundary, within 
an agricultural land-use matrix which also contains other types of human development. 
Historically, Octopus Lake drained through Octopus Creek directly into Clear Lake (Figure 2-1). 
In 1936, a berm was constructed to divert Octopus Creek to flow into Ominnik Marsh, as 
concerns about the quality of water from the farmlands outside the park arose (Parks Canada, 
1995). In the 1950s, greywater from the town site, Wasagaming, and the old campground was 
also directed into Ominnik Marsh (Belke and McGinn, 2003). In 1961, a single-celled lagoon 
system was constructed 250 m south of Ominnik Marsh. Also at this time, a human-constructed 
channel diverting flow from Ominnik Marsh into South Lake was built, with the idea that a 
longer flow path would allow nutrient uptake and bioremediation to occur before reaching Clear 
Lake (Neumann, 2013). In 1971 two additional lagoon cells were constructed. The Octopus – 
Ominnik –South Lake system currently flows in this manner. 
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Figure 2-1: Depiction of 2016 and 2017 study sites. Octopus Lake is located 
approximately 2-5 km southeast of the Culvert 
10 
 
Discussion by RMNP managers concerning the re-establishment of the natural flow path 
of Octopus Creek directly into Clear Lake began in the 1990s and is ongoing. Over the past 50 
years, the channel has had time to establish itself and regrow vegetation natural to the area even 
though the area in which this is occurring was anthropogenically constructed. As South Lake 
provides spawning habitat for northern pike, altering lake levels may reduce the quality of 
habitat or minimize the connectivity between South Lake and Clear Lake. While restoring the 
channel back to its natural flow path would coincide with Parks Canada’s mandate, it may 
damage the current ecological state of the system due to changes in surface water distribution. 
Therefore, the objective of this research is to quantify the water balance of South Lake and to 
determine whether this will potentially impair the ecological processes currently taking place so 
that informed management recommendations can be made. 
2.2 Study Sites 
RMNP experiences a continental climate within the Canadian Prairies with some 
topographical influences (CPAWS, 2010). RMNP has cold winters with average monthly 
temperatures reaching -17.5°C in January and warm summers with average July temperatures of 
17.0 °C, average annual temperature for the year is 0.7°C. Annual precipitation is 488 mm/year 
with 24% falling as snow (Environment Canada, 2018). 
In May 2016, multiple sites were chosen which represented the inflow and outflow 
locations within the Octopus – Ominnik – South Lake system (Figure 2-1) and are described in 
detail below. Ominnik Marsh is a modified, natural wetland located approximately 830 m west 
of Provincial Highway 10 and 750 m south of Clear Lake within the boundary of RMNP (Figure 
2-1). A large portion of the wetland is a marsh, but it also contains a shallow open water wetland 
(~ 4 ha) with a mean depth of 0.23 m and maximum depth of 1.5 m (Belke and McGinn, 2003; 
11 
 
Scott and Sellers, 2003). It is characterized by aquatic vegetation such as floating and stationary 
cattail mats (Typha spp.) and sedges (Carex spp.) and is surrounded by willows (Salix spp.), 
alder (Alnus spp.), aspen (Populus tremuloides), white spruce (Picea glauca), and tamarack 
(Larix laricina) (Belke and McGinn, 2003). Octopus Creek and the Wasagaming wastewater 
lagoons are two sources of surface water inputs.  
The Culvert (2.5 m in diameter) allows Octopus Creek to flow under Provincial Highway 
10 near the south entrance of RMNP and west towards Ominnik Marsh (Figure 2-1). It receives 
water from Octopus Lake which is approximately 3 km south east of the culvert. Historically, it 
flowed north into Clear Lake, but a berm, now a walking path, was constructed to impede flow 
and redirect the water into Ominnik Marsh and then on to South Lake. The substrate of this site 
is gravel extending approximately 5 m from the outflow of the culvert. Beyond this, the channel 
widens, the flow reduces, and the substrate becomes soft sediment, before becoming channelized 
again. This site represents the water entering from the Octopus Lake/Creek System and the 
influence that activities such as land use practices or beaver activity outside of the boundary of 
RMNP have on the hydrologic system. 
The Wasagaming wastewater lagoons are located approximately 250 m south of Ominnik 
Marsh and comprise three waste stabilization ponds (Figure 2-1). Historically, there was a 
constructed channel from the northern edge of cell 3 where effluent was directed straight towards 
the marsh, but it has since been redirected to flow down a ditch from a controlled discharge valve 
at the pump house on the southwest corner of cell three (400 m south of Ominnik Marsh). Aerial 
photographs show that once the effluent leaves the end of the ditch from the pump house, there is 
not a straight path between the lagoon and the marsh. The vegetated area between the lagoons 
and the marsh permit the effluent to be dispersed. Because the wastewater lagoons flow almost 
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directly into Ominnik Marsh, they contribute to surface water flow. Measurements took place at 
the pump house to monitor the amount of effluent that was being discharged into Ominnik 
Marsh. 
The constructed channel that flows out of Ominnik Marsh from the northwest side and 
into South Lake is approximately 1 km long (Figure 2-1). The width ranges from 7-15 m with a 
maximum depth of approximately 2 m behind some beaver dams and a minimum depth of 
approximately 0.2 m at the end of the channel in late summer. According to Belke and 
McGinn(2003), the channel drops approximately 1 m over its length and the slope is calculated 
to be 0.002 or 2%. Cattails and sedges line the channel and there is an abundance of alder, aspen, 
tamarack, and white spruce in the surrounding area. There is a significant amount of submerged 
and floating macrophytes with the main genera including Potamogeton, Chara, Ceratophyllum, 
Nymphaeaceae and Myriophyllum (Scott and Sellers, 2003). This channel has two sampling 
locations for this study: Channel Start which is located approximately 190 m from the marsh and 
Channel End which is located approximately 840 m from the marsh, or 130 m from its outflow 
into South Lake. These sampling points represent the water that is flowing from the 
Octopus/Lagoon – Ominnik system and through to South Lake. 
The Boat Cove site is located approximately 750 m north of Ominnik Marsh and is the 
former mouth of Octopus Creek where it historically discharged into Clear Lake (Figure 2-1). 
The historical creek flow path was dammed at Boat Cove so that direct flow from the former 
Octopus Creek into Clear Lake is minimal, and any flowing water is typically stopped by beaver 
activity. The slope is similar to the constructed channel (Belke and McGinn, 2003).The area is 
characterized by trees such as willow and aspen, and aquatic vegetation including sedges, 
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duckweed (Lemnoideae spp.), reeds, and cattails. This site represents the small amount of water 
that flows through the berm constructed at Ominnik Marsh, as well as the surrounding landscape. 
A long narrow sand bar divides Clear Lake from South Lake. The length of the divide is 
approximately 920 m long and its width ranges from 6 m and 50 m (Figure 2-1). The western 
portion of the divide (approximately 300 m in) that separates Clear Lake from South Lake is 
considered a baymouth bar, but will be referred to as the Isthmus to remain consistent with 
previous studies. It is very prone to wind and wave action as it consists of sandy materials. When 
water levels are high, it hydrologically connects the lakes in the spring and potentially at periods 
throughout the summer when water flow carves a channel between the two lakes. The sand bar is 
pervious and allows near surface groundwater to flow through it when lake levels are different. 
The south basin of South Lake is a catchment for potential runoff and groundwater from 
surrounding agricultural fields to the south and southwest while the north basin is a catchment 
for wastewater effluent from the Wasagaming lagoons and inflows coming from Octopus Creek. 
This site represents the water that will eventually flow into Clear Lake.  
2.3 Materials and Methods 
Field work took place during the growing season, May to September in 2016 and 2017. 
2.3.1 Meteorological Data 
Temperature and precipitation data were obtained from an Environment Canada weather 
station (Environment Canada, 2018) located at the Parks Canada maintenance compound, 
approximately 4 km east of South Lake (not shown in Figure 2-1). An additional 
thermometer/relative humidity sensor and a net radiometer were also installed at the 
meteorological site in June 2017 and operated until November 2017. 
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Floating pans were deployed in South Lake to measure direct lake evaporation rates. 
Small, transparent plastic containers (17.6 cm x 17.6 cm x 8.4 cm) were placed in a Styrofoam 
floating device that measured 7.5 cm around the container on all four sides. The pans were 
assembled into groups of five in order to obtain the average evaporation of all five pans. The 
pans were connected with a rope and filled with a known volume of water taken from the lake 
using a graduated cylinder. After being left for a period of time (24 hours), the water was then re-
measured and any loss was attributed to evaporation. During the 2016 field season, three groups 
of five pans were deployed at eastern, central, and western locations in the north basin of South 
Lake. Some data were collected, but due to the wind and waves it was determined that the data 
may not be accurate. During the 2017 field season one set of five pans was deployed on the east 
side of the lake where they were more sheltered from the wind and waves and less subject to 
spilling. 
Because it is difficult to measure lake evaporation directly, the evaporation rate from a 
standard Class A pan was used. The stainless steel pan (0.254 m in height and 1.21 m in 
diameter) was installed on top of a wooden platform to allow airflow all around the pan. The pan 
sat exposed in a grassy inland area near the net radiometer and temperature/humidity probe at the 
Wasagaming Environment Canada weather station. The depth of the water in the pan was 
measured each morning and refilled when the depth was below 0.16 m. A data logger (vanEssen 
Micro Diver) was installed in the pan that took temperature and barometric pressure readings 
every hour.  
To increase the confidence in validity of the results, evaporation was calculated using two 
separate methods. Cumulative values from the data logger in the Class A pan had a correction of 
0.67 applied to the data to represent open water evaporation. This was determined by regressing 
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manual Class A pan evaporation values against floating pan evaporation rates for the same day 
over the same period of time. The second method, Hamon’s equation (Hamon, 1960), was used 
due to its low equipment/instrumentation requirements, to calculate potential evapotranspiration 
using already available meteorological data specific to the exact location within RMNP for both 
2016 and 2017 (Equation 1): 
    𝑃𝐸𝑇 = 𝑘 ∗ 0.165 ∗ 216.7 ∗ 𝑁 (
𝑒𝑠
𝑇+273.3
)      (1a) 
where, PET is the potential evapotranspiration (mm day-1), k is the proportionality coefficient 
(=11) (unitless), N is the daytime length (x/12 hours), es is the saturation vapor pressure (mb) 
(Equation 1b), and T is the average monthly temperature [̊C ] 
𝑒𝑠 = 6.108𝑒 (
17.27𝑇
𝑇+2.37.3
)    (1b) 
and 
𝑁 = (
24
𝜋
) ∗ 𝜔     (1c) 
where ω is the sunset hour angle in radians 
𝜔 = cos−1[− tan(𝛿) tan(𝜑)]     (1d) 
where φ is latitude in radians and δ is declination in radians.   
𝑑 = 1 + 0.033 cos (
2𝜋
365
𝐽)      (1e) 
where, J is the Julian day of the year. 
2.3.2 Surface Water 
Surface water discharge was calculated with the velocity-area method using a Sontek 
Flowtracker2 Handheld Acoustic Doppler Velocimeter at locations with minimal 
obstructions/preferred channel morphology (straight) when possible. The one-point method (0.6 
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depth) was used when the depth of the channel did not exceed 75 cm, in which case the two-
point method (the average flow at 0.2 and 0.8 depth) was used. The spacing of measurements or 
window size depended on the discharge within that channel. No subsection could have more than 
10 percent of the total discharge. Therefore, spacing between measurements was less in higher 
velocity channels. In situ (standing) gauging was possible at all sites except the Channel Start 
and Channel End. At these sites the ground was very soft from sediment deposition so a platform 
attached perpendicular to two canoes allowed for a temporary bridge to be built over the channel. 
Building semi-permanent bridge structures or flume boxes/weirs were not permitted by Parks 
Canada. During the 2016 field season, discharge measurements were taken twice a week from 
mid-May until the end of August (excluding July 15 to August 15 due to technical difficulties). 
Because of the low flow (<0.1 m3/s), surface water measurements were only taken once a week 
beginning in May in the second season, but were also disrupted (July 13 to August 24) due to 
equipment failure. During this time, an attempt to use a Swoffer Velocity Flow Meter was made, 
but because of the shallow water depth at the culvert and the vegetation and low flow in the 
channel, measurements were not successful as the propellers did not turn. The lagoon was not 
manually gauged as it contains an automatic sampler that calculates the amount of discharge 
(l3/s) and was recorded on a regular basis by other park staff members. In 2016, the lagoons 
began a continuous discharge on June 20, whereas in 2017 it began on June 8. 
Data loggers (vanEssen Micro Diver) were installed in 2.54 cm diameter PVC wells attached 
to a 2 m long angle iron rod which was driven into the lake sediments to ensure it did not move. 
The South and Clear Lake wells were surveyed using a total station in November of each year. 
Manual stage measurements were used to calibrate the data logger and to create stage-discharge 
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rating curves. Water levels at the Boat Cove were measured from a known point on the bottom of 
a bridge (which we assumed would not move) to the water level. 
2.3.3 Near Surface Groundwater 
The hydraulic conductivity of the sand bar was determined using slug tests (Hvorslev, 1951) 
in November 2017. Piezometers were constructed from a 2.54 cm PVC pipe and had 10 cm or 20 
cm slotted intakes covered with 250 μm Nytex screen to prevent sediment from entering the 
pipe. Piezometer nests were installed at three locations along the divide in areas that were 
representative of the Isthmus material (Figure 2-1). Two out of the three nests had three 
piezometers with slotted intakes centered at depths of 0.5 m, 1.0 m and 1.5 m, while the third 
nest only had two piezometers with slotted intakes centered at 1.0 m and 1.5 m (due to a deeper 
water table). 
Hvorslev’s method  (1951) was used to determine the hydraulic conductivity. The test was 
performed on each piezometer three times at the end of the 2017 field season. Darcy’s Law was 
used to describe the volume flux or discharge (Q m3 day-1) of water through the divide (Equation 
2): 
𝑄 = −𝐾
𝑑ℎ
𝑑𝑙
𝐴       (2) 
where K is the hydraulic conductivity (m day-1), dh/dl is the hydraulic gradient, and A is the area 
perpendicular to the water flow (m2), i.e., along the Isthmus. Given that flow was horizontal, the 
average horizontal hydraulic conductivity (Freeze and Cherry, 1979) of the Isthmus was 
determined as (Equation 3):   
𝐾𝑥 =  ∑
𝐾𝑖𝑑𝑖
𝑑
𝑛
𝑛−1       (3)  
18 
 
where Kx is the horizontal hydraulic conductivity, Ki is the hydraulic conductivity of the layer, di 
is the depth of that layer, and d is the total depth of all the layers to the deepest piezometer. 
2.4 Results 
Mean temperature for May-September was 14.6 °C in 2016 and 14.3°C in 2017. These 
values are slightly warmer than the 13.7°C 30-year average, but still comparable (Table 2-1). 
Although temperature was average, precipitation totals between both field seasons differed 
greatly. The 2016 field season saw a total of 261 mm of precipitation which was comparable to 
the 30-year average of 263 mm, whereas the 2017 total was 155 mm, approximately 100 mm less 
than the 30-year average. 
In 2017, two methods were used to calculate evaporation rates in order to increase the 
confidence in lake evaporation results. Because the data logger was not deployed until mid-June, 
May and June values for the Class A logger method were derived by finding a coefficient from 
the Hamon and Class A logger data for July and August (Hamon/Class A), and back calculating 
May and June with the same ratio. For the period of May-September, totals returned by each 
method were within 3 mm of each other. Hamon’s method returned the lower value at 317 mm, 
while the Class A value was 320 mm (Table 2-2). 
Month 2016 2017 30 yr. x̅ 2016 2017 30 yr. x̅
May 11.1 9.1 8.5 38 57 57
June 14.7 14.9 13.6 60 41 80
July 17.1 17.5 17.0 83 8 67
August 15.7 15.7 15.6 80 50 59
Average/Sum: 14.6 14.3 13.7 261 155 263
Temperature (°C) Precipitation (mm)
Table 2-1: Comparison of temperature and precipitation for study 
period versus 30 year historical mean 
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 Total surface water contributions were higher in 2016 than 2017 at all sites with the 
exception of the Lagoon (Table 2-3). Average discharge at the Culvert over the entire field 
season was 0.07 m3/s in 2016, and 0.06 m3/s in 2017. The sharp spike at the Culvert in June 2016 
can be explained by a beaver dam naturally breaking upstream (Figure 2-2). The area of the 
marsh considered in this calculation was 200,000 m2 which is the low lying portion of the marsh 
between the Culvert and Channel Start, but not up to the Lagoon as well as the open water 
portion. The contribution of Octopus Creek to Ominnik Marsh was 3650 mm/season in 2016 and 
2141 mm/season in 2017.  
Month Hamon (mm) Class A (mm)
May 56.0 53.2
June 85.0 80.8
July 97.0 109.0
August 79.0 77.2
Total 317.0 320.1
Table 2-2: Comparison of totals from two 
evaporation calculations 
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Location 2016 Average Flow (m
3
/sec) mm/day Total mm/season
Channel Start May 0.05 2.08 274
(To South Lake) June 0.05 2.11
July 0.06 2.52
August 0.07 2.93
Channel End May 0.04 1.78 270
(To South Lake) June 0.06 2.35
July 0.06 2.40
August 0.07 2.90
Culvert May 0.06 2.40 361
(To South Lake) June 0.13 5.71
July 0.06 2.62
August 0.04 1.83
Culvert May 0.06 24.31 3650
(To Ominnik Marsh) June 0.13 57.76
July 0.06 26.49
August 0.04 18.52
Boat Cove May 0.00 0.00 0.3
(To Clear Lake) June 0.00 0.00
July 0.00 0.00
August 0.00 0.00
Isthmus May 0.12 0.35 18
(To Clear Lake) June 0.19 0.57
July * *
August 0.08 0.25
Isthmus May 0.12 5.04 269
(From South Lake) June 0.19 8.26
July * *
August 0.08 3.57
Lagoon June 0.02 13.21 926
(To Ominnik Marsh) July 0.02 13.44
August 0.02 11.73
Lagoon June 0.02 0.78 55
(To South Lake) July 0.02 0.80
August 0.02 0.70
*July - Isthmus open for a awhile, but no data collected due to technical difficulties
Table 2-3: Total Contributions of surface water for all sites 
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 Discharge rates at the Channel Start and Channel End sites followed very closely with 
each other throughout 2016 with an average of 0.055 m3/s at both sites. The total contributions to 
South Lake in 2016 only differed by 4 mm (274 vs 270 mm, Table 2-3), whereas there was a 
larger difference in 2017 (37 mm) which is reflected by the lesser amount discharged at the 
Channel Start (142 mm at the Channel Start and 179 mm at the Channel End). Average flow 
rates between the Channel Start and Channel End in 2017 were 0.047 m3/s and 0.056 m3/s 
Location 2017 Average Flow (m
3
/sec) mm/day Total mm/season
Channel Start May 0.13 5.69 142
(To South Lake) June 0.05 2.03
July 0.00 0.20
August 0.00 0.05
Channel End May 0.15 6.30 179
(To South Lake) June 0.05 2.02
July 0.02 1.02
August 0.00 0.04
Culvert May 0.16 6.67 212
(To South Lake) June 0.06 2.38
July 0.01 0.53
August 0.00 0.19
Culvert May 0.16 67.43 2141
(To Ominnik Marsh) June 0.06 24.04
July 0.01 5.31
August 0.00 1.90
Boat Cove May 0.00 0.01 0.1
(To Clear Lake) June 0.00 0.00
July 0.00 0.00
August 0.00 0.00
Isthmus May 0.00 0.98 7
(To Clear Lake) June 0.00 0.00
July 0.00 0.00
August 0.00 0.00
Isthmus May 0.33 14.23 100
(From South Lake) June 0.00 0.00
July 0.00 0.00
August 0.00 0.00
Lagoon June 0.02 11.39 958
(To Ominnik Marsh) July 0.02 12.98
August 0.01 9.47
Lagoon June 0.02 0.68 57
(To South Lake) July 0.02 0.77
August 0.01 0.56
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respectively.  
The duration that the Isthmus was opened throughout the summer is represented in the 
monthly discharge data (Figure 2-2). In 2016, the Isthmus was closed and reopened at least eight 
times, where as in 2017, the Isthmus was only open for a short period of time in May. The total 
amount of surface water lost through the Isthmus by South Lake (2,023,000 m2) was 269 
mm/season and 100 mm/season. In July of 2016 when the flow tracker was missing, the Isthmus 
was open for a few days, but there was no data collected, therefore, this month may be slightly 
underrepresented.  
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In 2016, the Boat Cove site was dammed (beavers) and reopened multiple times 
(humans) and average flow rates for both field seasons was 0.001 m3/s (Figure 2-3). In 
2017, the Boat Cove site was opened much less which is reflected by the lesser amount 
released to Clear Lake. 
Figure 2-2 Discharge for all sites in 2016 and 2017 
24 
 
The Lagoon flowed at an approximate rate of 0.018 m3/s in 2016 and 0.016 m3/s in 2017. 
The total amount of lagoon effluent discharged towards Ominnik Marsh from the time the lagoon 
was opened in mid-June until the end of August was very similar between 2016 and 2017 (926 
mm and 992 mm, respectively, when spread over Ominnik Marsh). The size of marsh considered 
in this calculation was 120,000 m2 and included the open water portion of the marsh a portion of 
the vegetated area between the lagoons and Ominnik Marsh as aerial photos (not shown) showed 
that it dispersed throughout there when discharged. 
 Ground water was calculated using Darcy’s Law with different gradients that altered the 
dl value, where different dl values would represent the minimum (5.91 m), maximum (48.6 m), 
mean (19.17 m), and median (14.96 m) width of the divide between the lakes (i.e., the width of 
the Isthmus). Width values were derived by taking a measurement every 25 m along the divide in 
Google Earth. dh was the difference in lake water levels. Q values were made continuous by 
using hourly data from the loggers installed in Clear Lake and South Lake. The horizontal 
hydraulic gradient was calculated for all three piezometer nests and returned values of 0.37 m/h 
(Nest 1), 0.48 m/h (Nest 2), and 0.17 m/h (Nest 3). In 2016, groundwater values ranged from 
11.1 mm using the minimum width to 1.4 mm using the maximum width. In 2017 groundwater 
values ranged from 22.9 mm to 2.1 mm using the minimum and maximum width.  In the final 
water balance calculation, the mean width (19.17 m) of the divide along with the average Q of all 
three nests was used and totalled 3.4 mm and 7 mm in 2016 and 2017, respectively. 
2.5 Discussion 
2.5.1 Water Balance Components 
Although the average temperature between both seasons was fairly consistent and similar 
to the 30-year average, precipitation was much less during the 2017 season (Table 2-2). Having 
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two seasons with varying precipitation rates was valuable to compare the differences between a 
normal and a dry season. With normal amounts of precipitation in 2016, the Isthmus opened and 
closed multiple times throughout the summer because water levels fluctuated with precipitation. 
Conversely, in 2017 the Isthmus was only open for a very short period of time in May and then 
remained closed for the rest of the summer. According to the data loggers (not shown), the water 
in South Lake dropped by approximately 49 mm in 2016 and by approximately 112 mm in 2017. 
This represents the final change in storage for the lake over the measurement time period and is 
reported in the final water balance. 
For Class A Pan evaporation, a pan coefficient of 0.7 is typically applied to pan data for 
free water surfaces to compensate for the additional evaporation that would occur on land as 
opposed to over open water (Brutsaert, 1982; Jones, 1992). The value of 0.67 used for this study 
is slightly lower than the value typically reported. Anda et al., (2016) suggest that the pan 
coefficient can fluctuate depending on the weather conditions. This could have been the case in 
this study as floating pan data was only collected in late August, 2017, so the evaporation rate 
may not be representative of the whole study period. Since the Class A pan was not installed in 
2016, the value used for evaporation was calculated using Hamon’s method. Hamon’s method 
was very close to the evaporation rates calculated by the logger in the Class A pan in 2017, 
therefore, these values were used in the final water balance calculation. 
Because of technical difficulties with the flow tracker, there was at month of data missing 
from mid-July until mid-August for both field seasons (missing for 30 days in 2016 and 42 days 
in 2017). In order to quantify flow for these periods, data was linearly filled from the last 
discharge calculation in July to the first discharge calculation in August. It was then compared to 
values obtained from calculating the discharge from a rating curve. Values between the rating 
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curve and linearly filled dates were very similar, thus proving that linearly filling the days for the 
time period missing was sufficient. The discharge from the Channel End was used as the “in” in 
the final South Lake water balance calculation and the Isthmus was used as the “out”. Monthly 
discharge amounts are weighted by the amount of days in the month that have a discharge value. 
With the exception of the Lagoon, the total amount of discharge from each site was less 
in 2017 than they were in 2016 (Table 2-3). Presumably, the lack of precipitation combined with 
increased beaver activity influenced the low flow. On June 6, 2016, a beaver dam naturally broke 
upstream of the culvert, increasing the water level by twice as much and flow rates by three 
times as much. After three days the flow went back to previous rates. On July 20, 2017 two 
beaver dams were manually broken downstream of the gauging site at the Culvert to decrease the 
high water levels. Once water levels returned back to previous levels, beavers then dammed the 
inflow of the Culvert at the site. This dam was then removed on August 29, 2017 and it was 
suggested that a beaver deceiver be installed, but they quickly rebuilt the dam within 5 days. The 
amount of beaver activity witnessed during the two field seasons of this study indicate that 
beavers might play a significant role in the flow rates within this system, and may have 
contributed to abnormal flow rates.  
In both years, the discharge between the Channel Start and Channel End followed very 
closely between each other (Figure 2-2). In 2016, it appeared that the amount of surface water 
entering the channel was also leaving as the discharge from the Channel End was only 4 mm less 
than Channel Start. In the fall of 2016, a large beaver dam was built in the constructed channel 
and essentially stopped any flow at the Channel Start by the beginning of July, 2017. This caused 
a decrease in flow rates at the Channel Start while the Channel End flow rates remained more 
stable. Therefore, the Channel End had 37 mm more flow than the Channel Start. 
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The Boat Cove surface water flow varied greatly from 2016 to 2017. In 2016, there were 
multiple small flow paths from which water from the historical Octopus Creek flow path could 
make its way into Clear Lake. In 2017, beavers effectively dammed the water so that it was 
flowing over the bridge. The beaver dam was removed by park staff on June 2, 2017 because of 
the damage it was having on the walking path. When the water was released, it caused the built-
up sediments and debris to be flushed into Clear Lake which is clearly visible in photographs 
taken at that time (Figure 2-3). Shortly after the dam was removed, beavers quickly rebuilt it and 
effectively dammed the water once again (Figure 2-3). The Boat Cove remained dammed for the 
rest of the 2017 season. 
During all stream gauging measurements at the Isthmus, water always flowed from South 
Lake into Clear Lake. When there were strong winds blowing over Clear Lake from the 
northwest, it appeared as though surface water was flowing from Clear Lake to South Lake, but 
the underflow was not, based on flow tracker measurements. The Isthmus was influenced by 
both human and natural activity, more so in 2016 than 2017 (Figure 2-4). In 2016 it closed and 
reopened either naturally or by humans approximately eight times. In 2017 it was open for the 
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 month of May, but remained closed for the rest of the season. This was reflected in the 
surface water data as 2017 had much less of a contribution to Clear Lake (Table 2-3).  
Figure 2-3: Boat Cove Study Site. Top left: dam dug out July 14, 2016; Top 
right: dam dug out June 2, 2017; Bottom Left: sediment and debris path 
released into Clear Lake when dam was broken on June 2, 2017; Bottom 
Right: beaver dam was rebuilt on June 9, 2017 stopping all flow and causing a 
biofilm to form on the water 
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Figure 2-4: The dynamic Isthmus. Top Left: Open isthmus early in the field season (May 15, 
2017); Top Right: isthmus closed with lots of sand built up (July 7, 2017); Bottom Left: 
piezometers installed in isthmus August 3, 2017 at 11AM; Bottom Right: piezometers being 
removed from the Isthmus on August 4, 2017 at 1:30PM 
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The total amount of effluent discharged from the lagoon between 2016 and 2017 differed 
by 33 mm (when using the area of South Lake 202.3 ha). The increase in discharge in 2017 may 
have been due to the increased amount of visitation to the park as in 2017 the lagoon discharged 
for 85 days, as opposed to 73 days in 2016. Average daily rates were then 12.7 mm/day for 2016, 
and 11.3 mm/day for 2017. The retention time of the lagoon system is greater than five days (C. 
Hanson, Pers Comm. 2018);  it is unknown if this changed with an increase in visitors in 2017, 
but is unlikely. Aerial photos show that the effluent disperses in the area between the lagoon 
outflow and the marsh. Therefore, it may be the case that not all of what is being discharged 
from the lagoon makes its way to Ominnik Marsh via surface water. The vegetated area directly 
adjacent to the cell 3 was included in the calculation of the area of the marsh as disperses through 
this area (120,000 m2). Because of this, the amount of surface water contributed by the Culvert 
may be too high as it will presumably not reach this area of the marsh. Regardless, there is a 
much larger contribution of surface water incoming from the Culvert into Ominnik Marsh than 
there is from the Lagoon. 
Groundwater was calculated with different dl (width) values in order to compare the 
difference between the potential maximum and minimum Q. If the minimum width (5.91 m) of 
the Isthmus was used in the calculation, Q would only be 11.2 mm/season in 2016 and 22.9 
mm/season in 2017 which are both still small losses to South Lake.The mean dl value (19.17 m) 
was used in the water balance calculation as it is considered to be the most representative value. 
When the Isthmus was closed for a long period of time (2017) groundwater movement through 
the Isthmus was greater as the lake levels had no other way to equalize.   
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2.5.2 Water Balance 
Precipitation influenced the amount of surface water that reached South Lake by way of 
the constructed channel. Normal amounts of precipitation in 2016 meant that the Isthmus opened 
and closed throughout the entire summer, whereas it closed in May 2017 (the drier than normal 
year) and remained closed for the rest of the summer. The closure of the Isthmus may have 
caused in an increase in ground water flow through the barrier bar in 2017, but these amounts are 
still quite small. Evaporation was the largest component and loss of the water from the system, 
which is common.  
A water balance was calculated for both field seasons with values reported from May-
September 2016 and 2017 (Table 2-4). The logger in South Lake was able to determine the 
change in lake level or storage over the study period. In 2016 the water level within South Lake 
decreased by 49 mm whereas in 2017 it decreased by 112 mm. Therefore, in 2016 we were left 
with a residual of 13 mm (the water balance should mean a 62 mm decrease in lake level, but 
only 49 mm was observed, or a difference of 13 mm) and 23 mm in 2017. These are quite small 
residuals suggesting an accurate accounting of the water balance. When compared to 
precipitation totals, these values represent are 5 and 15% of precipitation input for 2016 and 
2017. It appears as though most of the water that is entering into South Lake from the 
constructed channel is leaving through the Isthmus (Table 2-4). In 2016, when water levels were 
lower and the Isthmus was not opening, the amount that left South Lake was much less than what 
entered. According to previous studies, groundwater flows towards South Lake from the south 
east (MacLaren Ltd., 1978; Scott and Sellers, 2003). This was not accounted for in this study, 
therefore it could influence the result of the water balance. However, we suspect that regional 
groundwater contributions are likely small, considering the small residual in our water balance. 
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Table 2-4 Water balance for 2016 and 2017 field seasons 
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2.5.3 Management Recommendations 
The objective of conducting this water balance study was to determine the impact that 
potentially rerouting the surface water from the constructed channel would have on South Lake 
and Clear Lake. This study captured what the system looks like in a normal year and a dry year 
and fortunately allows for different observations and comparisons to be made. In either case, 
surface water from the constructed channel represents a significant portion of South Lake’s water 
balance, meaning that if it were to be cut off, the Isthmus might not open and would reduce 
connectivity for fish. Therefore it is recommended that the constructed channel not be cut off and 
rerouted back to its natural flow path from its current one that carries water from Ominnik Marsh 
to South Lake. As a result of leaving the system the way it currently is and to promote ecological 
integrity, additional recommendations can be made. 
It is recommended that the opening and closing of the Isthmus is monitored. In doing so, 
it can be better understood how dry years affect how often it is open. This, along with the results 
of previous studies that indicate when fish are most likely to use the opening will allow for a 
better understanding of how it should be maintained. With this information, the Isthmus can be 
manually opened or closed during dry periods to let pike in to spawn and later, let the fish out to 
maintain fish populations in Clear Lake. 
It is recommended that the wetland at the western most end of the divide between South 
Lake and Clear Lake be restored. It should be restored in a way that the surface water between 
the two lakes can be connected at all times to allow fish movement. Adding a bridge with a fish 
ladder will elicit fish movement and will allow humans to enjoy the natural area. The restoration 
of this wetland will allow the permanent closure of the intermittent opening that currently forms 
between the two lakes. Because the Isthmus is a well-known and popular spot, the addition of 
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interpretive signage will display its importance to the ecosystem. Because this used to be a 
natural wetland that was altered or removed by humans, restoring it would align with Parks 
Canada’s mandate to restore ecological integrity. 
2.6 Conclusion 
Although redirecting Octopus Creek back to its natural flow path would coincide with 
Parks Canada’s mandate, it could have detrimental effects on northern pike spawning habitat in 
South Lake. The system was already anthropogenically altered once and it became naturalized in 
its new location. Human activity still plays a major part in the surface water additions to South 
Lake, and therefore, it should not be rerouted back to its natural flow path.  
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3. Water Quality of the Octopus – Ominnik – South Lake System, 
Riding Mountain National Park  
3.1 Introduction 
The addition of excess nutrients, especially nitrogen and phosphorus, is one of the most 
significant ways in which the quality of a body of water can deteriorate, causing a change in 
primary productivity rates and ultimately, rise in the trophic state (Dodds, 2002). Water quality is 
a term that is often used to describe the “suitability of water to sustain various uses or processes” 
(Meybeck et al., 1996). Numerous biological, chemical, and physical characteristics interact to 
determine the quality of water and what type of biotic organisms it can support; water quality is 
also important to humans as it can cause a body of water to become aesthetically displeasing, or 
unsuitable for recreational activities or drinking. Water quality is affected by a wide range of 
variables; therefore, monitoring is essential in determining how both anthropogenic and natural 
factors are influencing an ecosystem’s biological integrity. Because of hydrological connectivity, 
nutrients have the potential to travel far distances and affect downstream water bodies. 
Hydrological connectivity is the transport of energy, matter, and organisms within or 
between components of the hydrologic cycle (Freeman, et al., 2007). Aquatic ecosystem health is 
especially hard to manage for ecological integrity because of the connections through lower 
order streams, rivers, and groundwater that have the ability to carry sediments, nutrients, and 
other types of pollutants for great distances. The composition of receiving waters depends on the 
land use activities that take place surrounding the headwater streams (Meybeck et al., 1996). 
Because of hydrological connectivity, water may flow over political boundaries managed by 
different governing bodies, thus making it hard to control the nutrient inputs that are being 
contributed. There is a good understanding of the process of eutrophication in lakes and larger 
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bodies of water with less of an understanding for rivers and streams (Hilton, et al., 2006; Smith 
et al., 1999). 
The anthropogenic alteration of hydrological flow sometimes occurs to minimize the 
impact of smaller order streams on receiving waters. Channels can be diverted to flow through 
wetlands that possess qualities that promote nutrient uptake. They can also be rerouted to flow 
towards different bodies of water to elongate the flow path to promote bioremediation so that the 
water quality of sensitive receiving waters is not impacted. In some cases, this may have positive 
impacts on both ecosystems. If excess nutrients are entering the system from upstream, impacts 
on water quality and the overall integrity of the hydrologic system are likely to occur wherever 
the water is flowing. Properly managing and monitoring nutrient inputs in upland regions of a 
watershed is one of the most effective ways to increase downstream water quality (Government 
of Manitoba, n.d.). 
Eutrophication, the excess accumulation of nutrients, is a common water quality concern 
that can occur naturally, but can be increased or sped up in bodies of water that have been altered 
or modified by human activities and results “in an increase of biotic productivity and biomass” 
(The Canadian Council of Ministers of the Environment, 1999). Generally, eutrophication causes 
undesirable water quality outcomes such as reduced water clarity, harmful fluctuations in 
dissolved oxygen and pH, and increased algae production which reduces habitat quality for fish 
and macroinvertebrates and increases the probability of fish kills (Smith et al., 1999). Nitrogen 
and phosphorus are the primary nutrients influencing plant growth in aquatic ecosystems, and 
can enter a hydrologic system through groundwater, fluvial processes, the atmosphere, or by 
surface water from point (wastewater lagoons) or non-point (agriculture) sources (Carpenter et 
al., 1998; Smith et al., 1999). When excess nutrients are added to a system, algae and vascular 
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plant growth increase. Chlorophyll-a, the main pigment of photosynthesis, can be measured as a 
surrogate for the amount of phytoplankton in a body of water (Scott and Sellers, 2005), thus 
making chlorophyll-a a good indicator of water quality. Nitrogen, phosphorus, and chlorophyll-a 
are principle parameters used to determine the trophic state. 
Wetlands act as sources, sinks, and even transformers of many different chemical and 
biological materials and therefore, are often taken advantage of by humans to perform these 
services naturally (Mitsch and Gosselink, 2000). The biogeochemistry of a wetland is influenced 
by the water quantity and quality received from surface water, groundwater, and precipitation 
(Mitsch and Gosselink, 2000). Understanding how anthropogenic inputs of nutrients affect 
wetland function will allow humans to maximize the efficiency of the wetland to perform its 
purification duties. If a hydrologic system becomes overloaded with excess nutrients, it can 
affect the integrity of the wetland and will no longer have the ability to perform its proper 
functions.  
Managing downstream water quality is difficult because nutrients can be attenuated from 
many sources outside of the jurisdiction of the downstream water bodies. It is a core value within 
Parks Canada’s mandate to conserve, restore, and maintain their natural and cultural resources 
for ecological integrity (Parks Canada Agency, 2000). It is suggested that ecosystems have 
integrity when their native biotic and abiotic components are intact and they are in a condition 
that is characteristic of the natural region (Parks Canada Agency, 2000). This includes “the 
composition and abundance of native species and biological communities, rates of change and 
supporting processes” that occur within the protected area (Parks Canada Agency, 2000). The 
ecological integrity of an ecosystem can become compromised when anthropogenic activities 
alter the natural state of the ecosystem. Ecological integrity within national parks must be 
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considered at a landscape scale as activities taking place outside of the boundaries of a park may 
affect the processes within. Riding Mountain National Park holds a good example of how land 
use activities outside the political boundaries of the park are affecting the ecosystems within. 
Clear Lake, located just inside the southern boundary of the Riding Mountain National 
Park, is the largest (2,947 ha) and deepest (maximum depth of 34.2 m, average depth of 11.5 m) 
lake in the park (Glufka, 1992; Parsons and McGinn, 1999). It is located in the Clear Lake 
watershed which drains an approximate area of 134 km2 (Moore et al., 1997). Approximately 
32% of this water comes from outside the political boundary of the park, mainly from the 
Octopus Creek and South Lake sub basins (Moore et al., 1997). Clear Lake is considered to be 
oligo-mesotrophic with little productivity, but supports the greatest diversity of phytoplankton, 
zooplankton, benthic fauna, aquatic vegetation, and fish compared to other lakes in RMNP 
(Glufka, 1992). It is popular for recreational activities such as boating, swimming, and fishing. It 
also holds cultural value to the First Nations People who live on the northwest side of the lake. 
Aside from its recreational value, it also supplies drinking water to Wasagaming as well as to 
parts of the Rural Municipality of Harrison Park located just outside the southern boundary of 
the park (C. Hanson, Pers. Comm, 2018). 
Wasagaming is a small seasonal town operating on the south shore of Clear Lake. Peak 
population (5,000-10,000 people/day, or ~250,000/season) occurs between the months of May 
and September and after that it essentially shuts down. There are commercial and residential 
properties in the town site as well as along the outside of the boundary of the park. Because of its 
surrounding land use activities, Clear Lake has the potential to receive excess nutrients from its 
inflows and from the town site of Wasagaming (Whitehouse, 2010). Because anthropogenic 
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nutrient additions have the potential to cause eutrophication, making the lake unsuitable for 
drinking and less desirable for recreational activities, water quality is an important concern. 
Octopus Lake is surrounded by agricultural land use practices and human development 
and is drained by way of Octopus Creek towards Clear Lake (Figure 3-1). This small stream 
flows through a culvert under Provincial Highway 10 and into the park. A study conducted in 
1987 concluded that Octopus Lake was eutrophic mainly from the agricultural runoff and 
leachate as well as septic fields in the area (Bergman, 1987). Concerns about nutrient 
accumulation between Octopus Lake and the Culvert have been brought to the attention of 
Resource Management Officers in the past (Belke and McGinn, 2003; Bergman, 1987; Moore et 
al., 1997). 
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Figure 3-1: Clear Lake basin land use map (Sean Frey, 2010) 
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Naturally, Octopus Creek drained directly into Clear Lake at the Boat Cove. In the 1950s, 
greywater from Wasagaming and the old campground was directed into Ominnik Marsh (Belke 
and McGinn, 2003). A dam or berm held the effluent in and was released towards Clear Lake 
during the spring freshet through conduits in the dam (Belke and McGinn, 2003). Construction 
of a single lagoon cell south of Ominnik Marsh began in 1961 (Belke and McGinn, 2003). It was 
around this time that a channel was constructed from Ominnik Marsh to South Lake to 
effectively redirect the inflow from Octopus Creek and the effluent that was being discharged 
from the lagoon. The idea was that the effluent would have a longer flow path and therefore, a 
longer period of time for bioremediation to occur (Neumann, 2013). Two additional cells were 
constructed in the early 1970s to add to the existing facultative waste stabilization pond (Scott 
and Sellers, 2003). 
Riding Mountain National Park is considering restoring the historical (natural) flow path 
of Octopus Creek from where it has been flowing into South Lake for at least 50 years, back to 
its original flow path directly into Clear Lake. The park is also adamant about “Keeping the 
Clear in Clear Lake” to maintain suitable water quality for recreational activities and fish habitat 
(Hilderman, 2005). Rerouting Octopus Creek back to its natural flow path would follow closely 
with Parks Canada’s mandate to restore altered ecosystems back to their natural state. In this 
case, the implications of doing so could have negative impacts on the water quality of Clear Lake 
and potentially for fish species and their habitats in South Lake. Because the system has been 
flowing this way for so long, natural vegetation to the area has become established. Therefore, 
the objective of this paper is to assess the amount of nutrients at different points along the system 
to determine the efficiency of Ominnik Marsh and the constructed channel to filter out nutrients 
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and will allow for recommendations to be made about the possible impact on Clear Lake if the 
natural flow path of Octopus Creek was restored. 
3.2 Study Sites 
In 2016, six study sites were chosen in the Octopus – Ominnik – South Lake system that 
represented nutrient concentrations at different locations along the hydrologic system (Figure 3-
2). An additional site was added in 2017.  
Beginning at Octopus Lake, flowing through 3-5 km of agriculture, livestock, and human 
development, Octopus Creek has the potential to obtain non-point source pollution from many 
sources. As it enters the park it flows through a large culvert and into a narrow channel with a 
gravel substrate which then disperses into an open water area where sedimentation occurs before 
becoming channelized again. The reach of the channel that extends from Octopus Lake to the 
culvert is characterized by beaver dams, low flow, and aquatic vegetation such as cattails (Typha 
latifolia), sedges (Carex spp.), duckweed (Lemna minor), and reeds (Phragmites spp.) (Belke 
and McGinn, 2003). It is likely that some of the incoming water is dispersed throughout the 
marsh area before reaching an open pond. Between the culvert and the berm there is an 
abundance of willow (Salix spp.), rushes (Juncus spp.), and water calla (Calla palustris) (Belke 
and McGinn, 2003). The berm effectively restricts most of the water from entering the historical 
flow path, but during periods of high water it may overtop the path (Belke and McGinn, 2003) 
and observations detect that some may leak through the path as groundwater. The Culvert 
monitoring point represents water and potential non-point source pollution that is entering the 
park from Octopus Lake. 
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Figure 3-2: Depiction of 2016 and 2017 study sites. Octopus Lake is located 
approximately 2-5 km southeast of the Culvert 
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The reach from the north side of the berm to Clear Lake, or the extent of the channel that 
could potentially be restored, is surrounded by rooted willow (Salix spp.), alder (Alnus spp.), 
aspen (Populus tremuloides), sedges (Carex spp.), and blue joint grasses (Calamagrostis 
Canadensis) and contains aquatic vegetation such as duckweed, reeds, and cattails (Belke and 
McGinn, 2003). The Boat Cove is the mouth of the historical Octopus Creek where it drained 
into Clear Lake. It is located approximately 700 m north of the berm. This site has a small bridge 
that is a part of the Clear Lake trail. To the south of the bridge is an open water wetland that has 
been dammed by beavers, but has a small channel that drains towards Clear Lake. To the north is 
a small outflow channel that is also often dammed by beavers. This site is characteristic of the 
waters that would be flowing towards Clear Lake should the historical flow path be restored. 
Ominnik Marsh is a small, modified wetland located approximately 800 m south of Clear 
Lake. A large portion of the marsh is open water (hereafter referred to as Ominnik Pond) that 
that is characterized by shallow (maximum depth of 0.9 m and mean depth of 0.23 m), clear 
water (Scott and Sellers, 2005). The marsh is surrounded by aspen, white spruce (Picea glauca), 
willow, alder, and tamarack (Larix laricina) (Belke and McGinn, 2003). The open water portion 
contains emergent vegetation including floating and stationary cattail mats, reeds, and marsh 
marigold (Caltha palustris) (Belke and McGinn, 2003). Submerged vegetation belongs mostly to 
the Potamogeton, Chara, Ceratophyllum, and Myriophyllum genera (Scott and Sellers, 2003). 
Octopus Creek flows approximately 800 m from the culvert through a marsh before entering the 
east side of Ominnik Pond. The sampling site represents the water that reaches Ominnik Marsh 
from external non-point source (Octopus Creek) and point source (wastewater lagoons) 
pollution. 
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The Wasagaming Wastewater Lagoons are a lined three celled facultative waste 
stabilization system enhanced by mechanical aeration (C. Hanson. Pers. Comm., 2018). The cells 
are located approximately 250 m south of Ominnik Marsh. The lagoons service the town of 
Wasagaming as well as the Elkhorn Resort. Controlled discharge methods are practiced, where 
effluent is released at a continuous rate during the summer months beginning in mid-June after 
the fish spawning period ends. Vegetation along the berms and in the cells is maintained and 
deterred so as not to damage the lining of the lagoon cells (C. Hanson. Pers. Comm., 2018). The 
pump house located on the south east corner of cell three has a controlled outflow valve that is 
monitored by park staff daily. The effluent flows down a drainage ditch and disperses into a 
vegetated area between the cells and Ominnik Marsh. This sampling site represents the effluent 
that is discharged from the lagoon that may potentially end up in Ominnik Marsh.  
The Constructed Channel (approximately 1 km long) contains two sampling sites; 
Channel Start (approximately 170 m from Ominnik Marsh) and Channel End (approximately 820 
m from Ominnik Marsh). The width of the channel ranges 7-15 m in width with a maximum 
depth of approximately 1.5m behind the beaver dams and a minimum depth of approximately 0.2 
m at the end of the channel (dependent on the time of year and amount of water). During this 
study, there were two beaver dams located between Ominnik Marsh and Channel Start, and two 
beaver dams between the Channel Start and Channel End. These dams created deep 
impoundments and caused the flow to become slowed. Because of this, sedimentation has 
occured and has created a very soft, muddy substrate in the channel. Submerged vegetation has 
successfully been able to take over the bottom of the channel and the banks are lined with 
cattails. These sites represent the water that is flowing from Ominnik Marsh and into South 
Lake.  
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South Lake is considered to be a shallow (maximum depth is 1.8 m) cut off bay of Clear 
Lake (202.3 ha) (Glufka, 1992). It has two distinct basins, north and south, which are divided by 
bulrushes and differ greatly in water quality (Scott and Sellers, 2005). On the east side of the 
north basin is where the mouth of the constructed channel enters the lake. There is an abundance 
of emergent and submerged vegetation throughout the north basin, especially at the mouth of the 
constructed channel (Scott and Sellers, 2003). It has been speculated that the south basin receives 
groundwater and runoff from surrounding fields (Scott and Sellers, 2003). The waters are 
shallow and turbid with little to no plant growth and an abundance of phytoplankton (Scott and 
Sellers, 2003). The sampling site on South Lake is located adjacent to the Isthmus and represents 
the surface water that flows into Clear Lake when the isthmus is open. 
Surveyor’s maps from the 1890s show a connection between South Lake and Clear Lake 
on the westernmost side of the Isthmus (Butcher, 2017). A study conducted by Bergman (1987) 
suggested that there was a narrow, shallow channel that connected the two lakes during periods 
of high water as late as 1987. Apparently, attempts were made to develop and maintain the 
channel that connected the lakes, but were abandoned (Neumann, 2013; Hilderman, 2005). There 
are no records showing why or when this was closed, but it is thought that someone may have 
tried to fill it for a pathway or road construction (B. Reside. Pers. Comm., 2017). Around this 
area there are remnants of a bridge and culverts. 300 m east of where the historic connection was 
is an intermittent channel that that connects Clear Lake and South Lake during periods of high 
water. Wind and wave action have the ability to manipulate the sand and gravel to open and 
close the channel; sometimes in a period of time as short as a few hours. Although this is 
technically a baymouth bar, it has been historically been referred to as an isthmus. Therefore, in 
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order to remain consistent with previous studies, it will hereafter been known as the Isthmus. 
This site represents the surface water that flows from South Lake into Clear Lake. 
3.3 Materials and Methods 
3.3.1 Field Sampling Techniques and Preservation Methods 
Water sampling methods were based on the Canadian Council of Ministers of the 
Environment protocols (Canadian Council of Ministers of the Environment, 2011). Grab samples 
were taken mid-stream with 250 ml plastic bottles. The sampler was careful not to disrupt the 
water or sediment before taking a sample. The bottle was environmentalized before the sample 
was taken. The bottle was then placed underwater facing the direction of the flow to collect the 
sample. The samples were put on ice until they were able to be filtered and preserved in the lab.  
Sample preservation methods followed Environmental Protection Agency techniques 
(1983). 100 ml of each sample was filtered through 0.45 μm pore size filter paper with a vacuum 
pump into two separate snap cap containers as close to the sampling time as possible. The 
samples that were to be analyzed for total dissolved phosphorus were placed directly in the 
freezer after filtration. Nitrogen samples were acidified with 0.1μl of sulfuric acid and were 
refrigerated for up to 28 days until they were able to be analyzed.  
Water samples during the 2016 field season were preserved incorrectly therefore, 
absolute values cannot be compared. Because preservation methods were consistent within each 
season, the authors feel the trends can be compared. Samples were analyzed for total nitrogen, 
whereas in 2017 samples were analyzed for total dissolved nitrogen. Analysis methods for 
phosphorus in 2016 were also incorrect, therefore there are no data to present. Nitrogen and 
phosphorus samples collected by Parks Canada staff at Octopus Lake were analyzed at Maxxam 
Lab for total concentrations as opposed to dissolved. 
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Aside from the water samples, a YSI Exo1 Multiparameter sonde was used to collect 
additional data such as pH, conductivity, dissolved oxygen, total dissolved solids, and 
temperature. Every time a water sample was taken, a sonde reading was taken. Methods for 
sonde readings also follow CCME (2011) protocols. The sonde was calibrated before each use 
and was then placed as close to the water sampling area as possible at a depth between 0.1 and 
0.5 m. The sampler was careful not to disrupt the sediments from the bottom of the sampling site 
so as not to create non-representative readings. The sonde was left in the water for 2-5 minutes or 
until the values became stable.  
3.3.2 Lab Analysis 
Total dissolved nitrogen concentrations (mg L-1) were quantified using a Shimadzu TOC-
VCPH. Samples were analyzed with the combustion catalytic oxidation method (Shimadzu, 2014). 
Total dissolved phosphorus concentrations (mg L-1) were quantified using an Astoria 2 Analyzer. 
An alkaline persulfate digestion was used prior to conducting a micro-segmented air flow 
analysis (Standard Methods for the Examination of Water and Wastewater, 4500-P E.). 
3.3.3 Statistical Analysis 
A Wilcoxon one-tailed signed-rank test was used to determine if nutrient concentrations 
at downstream water sampling stations were significantly different than upstream sites. 
Statistical analysis was conducted on total nitrogen in 2016 and total dissolved nitrogen and total 
dissolved phosphorus in 2017. Five locations were compared and it was hypothesized that 
nutrients at the Culvert would be less than at the Channel Start, yet more than at the Boat Cove; 
nutrient concentrations at the Channel Start would be higher than at the Channel End; and that 
nutrient concentrations would be higher at the Isthmus than at the Channel End.  
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3.4 Results 
The Lagoon began discharging on June 20, in 2016 and June 8 in 2017. The residence 
time of Ominnik Marsh was calculated to be 60 hours by Scott and Sellers (2005), but wind and 
flow rates from external sources can affect the way incoming water disperses.  
 Values of total dissolved phosphorus, total dissolved nitrogen, and chlorophyll-a were 
plotted with horizontal lines representing an increase in trophic status (Figure 3-3 and Figure 3-
4). The trophic status values relate to total nutrient concentrations reported by Nürnberg (1996) 
and the Organization for Economic Co-operation and Development (1982) and are based on total 
forms of nitrogen and phosphorus. 
Nitrogen concentrations followed similar trends between the two field seasons. Octopus 
Lake concentrations remained lower than all of the sites for the entire season. The Culvert was at 
a eutrophic level, spiked in late June, and then returned down to levels close to what they were 
before the spike. This trend also occurred at Ominnik Pond, Channel Start, and Channel End. 
The Isthmus was in the hypereutrophic range for some of 2016 and almost all of 2017. The 
lagoon was in the hypereutrophic range at all sampling points during both seasons. 
Phosphorus concentrations for 2017 followed similar trends at all sites except for 
Octopus Lake which remained in the meso-eutrophic range and the lagoon which remained in the 
hypereutrophic range for the entire field season. Every other site had values in the mesotrophic 
range until mid- June. At this point, values steadily increased into the hypereutrophic range and 
then decreased back down to the eutrophic range towards the end of the season. 
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Figure 3-3: Total Nitrogen and Chlorophyll-a values for 2016. Horizontal lines 
correspond with an increase in trophic status. Note that Octopus Lake was analyzed by 
Maxxam Lab for total concentrations as opposed to dissolved 
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Figure 3-4: Dissolved Nitrogen, Dissolved Phosphorus, and Chlorophyll-a concentrations for all sites 
over the field season. Horizontal lines correspond with an increase in trophic status. Note that 
Octopus Lake was analyzed by Maxxam Lab for total concentrations as opposed to dissolved 
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The Wilcoxon signed-rank test was conducted to compare five pairs of locations (alpha = 
0.05) (Table 3-1). In 2016, the Wilcoxon signed-rank analysis determined there was no 
statistically significant difference in total nitrogen concentrations between the Culvert and 
Channel Start (p = 0.19) or the Channel Start and Channel End (p = 0.37). There was a 
statistically significant difference between total nitrogen concentrations at the Lagoon and 
Channel Start (p = 0.001), the Culvert and Boat Cove (p = 0.003), and the Channel End and 
Isthmus (p = 0.04). In 2017, total dissolved nitrogen concentrations followed the same trends 
with the exception of the Culvert and Channel Start being significantly different (p = 0.03). The 
Lagoon and Channel Start, Culvert and Boat Cove, and Channel End and Isthmus were also 
statistically significantly different (p = 0.03, p = 0.001, p = 0.0002 respectively). The only site 
that was not different from the next was the Channel Start to Channel End (p = 0.14). Total 
dissolved phosphorus showed the same results as total dissolved nitrogen with there being a 
statistically significant difference between the Culvert and Channel Start (p = 0.02), Lagoon and 
Channel Start (p = 0.03), Culvert and Boat Cove (p = 0.03), and the Channel End and Isthmus   
(p = 0.01), but no difference between the Channel Start and Channel End (p = 0.18). 
A mass nutrient load was calculated for the amount of TN contributed from South Lake 
to Clear Lake in 2016 and for TDN and TDP in 2017.  The volume of Clear Lake used in this 
calculation was 341,852,000 m3. For the period that the Isthmus was open in 2016 there was a 
total addition of 0.003296 mg/l. For the amount of time that the Isthmus was open in 2017, a 
TN 2016 TDN 2017 TDP 2017
Location p-value p-value p-value
Culvert - Channel Start 0.19 0.03 0.02
Lagoon - Channel Start 0.00 0.03 0.03
Culvert - Boat Cove 0.00 0.00 0.03
Channel Start - Channel End 0.37 0.14 0.18
Channel End - Isthmus 0.04 0.00 0.01
Table 3-1: Results of the Wilcoxon signed-ranks test. Significant 
results are bolded. 
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total addition of 0.000013mg/l of TDP and 0.000834 mg/l of TDN were contributed to Clear 
Lake through the Isthmus.  
3.5 Discussion 
3.5.1 Environmental Conditions 
Because the 2017 field season had approximately 100 mm less precipitation (155 mm) 
than the 2016 field season (261 mm) and the 30 year normal (263 mm), the physical, biological, 
and chemical characteristics observed in 2017 may not be representative of “normal” conditions, 
but instead could provide insight into what a warmer climate might look like.  
High concentrations of nutrients occurred throughout both field seasons, but they were 
higher in 2017. Mosley (2015) suggests that if nitrogen and phosphorus levels are higher than 
usual during periods of drought, point sources of pollution may have an increased effect on 
nutrient concentrations due to less dilution. Even though the flow rates were lower, the 
concentration of nutrients entering the system did not decrease (Table 3-2).  
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3.5.2 Trends in Concentrations 
Water quality monitoring sites overlapped in three locations between Riding Mountain 
National Park’s monitoring program and this study.Water samples collected by Parks Canada at 
the same sites as this study were generally lower in nitrogen concentrations (total nitrogen versus 
total dissolved nitrogen). It is important to note that Octopus Lake samples were taken by other 
park staff and analyzed at Maxxam Lab. Therefore, they were analyzed for total values as 
opposed to dissolved. This means that the comparison between absolute values in Octopus Lake 
and the Culvert cannot be compared. Regardless, there seems to be a spike occurring at the 
culvert in mid-June both years, indicating that there are sources of point and/or non-point sources 
outside of the park that are affecting the water quality of Octopus Creek (Figure 3-3 and Figure 
Table 3-2: Average nutrient concentrations for all sites from May 
to September. Bolded numbers represent samples taken by other 
Park’s staff. Where there are blanks, there were no data collected. 
 
Table 3-3: Average nutrient concentrations for all sites 
from May to September. Bolded numbers represent samples taken 
by other Park’s staff. Where there are blanks, there were no data 
collected. 
2016 TP (mg L
-1
) TN (mg L
-1
) Chl-a (mg L
-1
)
Octopus Lake 0.03 0.82 0.01
Culvert 0.07 0.95 0.00
Lagoon 3.87
Channel Start 0.13 1.10 0.27
Channel End 0.95
Isthmus 0.03 1.69 0.00
Boat Cove 1.31
2017 TDP (mg L
-1
) TDN (mg L
-1
) Chl-a (mg L
-1
)
Octopus Lake 0.74 4.27
Culvert 0.11 1.51 7.16
Lagoon 0.31 7.73
Ominnik Pond 0.12 2.93
Channel Start 0.12 2.21 13.07
Channel End 0.12 1.95
Isthmus 0.12 2.08 7.84
Boat Cove 0.12 2.40
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3-4). Octopus Lake did not follow the same trends as the other sites as there was only a slight 
increase in concentration and then remained stable for the rest of the season. Concentrations at 
the Culvert increased very suddenly and fluctuated throughout the season. Concentrations 
indicate that the water quality would be considered eutrophic-hypereutrophic at both locations in 
2016, and oligotrophic-mesotrophic at both sites in 2017. 
For both field seasons, nitrogen levels at all sites were in the eutrophic range before the 
lagoon began discharging (Figure 3-3 and Figure 3-4). Lagoon effluent was considered to be 
hypereutrophic when it was discharged from cell three. In wastewater, total nitrogen values are 
expected to be below 15mg/l so this standard was met (Manitoba Water Stewardship, 2011).  
Because total nitrogen encompasses dissolved nitrogen, all values in this study would be 
considered below standard amounts. Nitrogen concentrations spiked at sites downstream from 
the lagoon discharge point in both 2016 and 2017 shortly after discharging began. After this 
spike, concentrations returned to values slightly higher than what they were prior to the 
discharge (Figure 3-4). It was previously indicated that flow rates were low, but as the lagoon is 
a significant source of surface water to Ominnik Marsh, this may have allowed the effluent to 
short circuit the open water portion of the marsh and go straight toward the constructed channel 
as was the case in previous studies (Scott and Sellers, 2005). It is unclear as to why nitrogen 
concentrations spiked at the Culvert the same time as lagoon effluent was being discharged, as 
they are not connected and surface water from both sites flows to the northwest. This could 
indicate that nutrients entered the system from both this source in addition to the lagoon on June 
8th causing the spike in nitrogen concentrations. There were no rainfall events that occurred 
around this date so agricultural runoff is unlikely to be the reason for the spike. Flow rates did 
not increase on this day so a beaver dam breaking upstream is also unlikely. 
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Phosphorus concentrations gradually increased throughout the summer and returned close 
to the concentrations they were at early in the field season by late September. It is recommended 
that total phosphorus values should not exceed 1 mg/l in wastewater (Manitoba Water 
Stewardship, 2011) and although dissolved phosphorus was measured in this study, it is expected 
that it should be less than total phosphorus in which case all values reported in this study do not 
exceed the recommended value. The gradual increase of phosphorus over the 2017 field season 
could be explained by the depletion of oxygen in the water. Excess additions of nitrogen and 
phosphorus cause increased algal growth. Bacteria decompose the algae when it dies, effectively 
using up the oxygen in the water. If the bottom of the lake becomes anaerobic or oxygen 
depleted, phosphorus that was previously trapped in the sediments can be freed, therefore 
increasing the amount of phosphorus in the water (Søndergaard et al., 2003). This is related to 
the reduction-oxidation process that would occur at the sediment-water interface (Søndergaard et 
al., 2003). Because South Lake is very shallow, wind-induced re-suspension of sediments may 
cause increased levels of phosphorus (Søndergaard et al., 2003). Another release mechanism of 
phosphorus is related to temperature. During periods of increased temperature and biological 
activity, mineralization of organic matter and the release of inorganic phosphate is stimulated 
(Gomez et al., 1998). Søndergaard et al., (2003) suggest that even if you did decrease phosphorus 
inputs, the legacy phosphorus in the lake sediment will continue to be released and downstream 
water quality improvements will be masked or there will be a lag in the improvement (Jarvie et 
al., 2013). All of these explanations would require further examination and monitoring. 
The total contribution of TN in the 2016 season (0.003296 mg/l) and TDN in the 2017 
season (0.000834 mg/l) from South Lake to Clear Lake would be considered negligible as the 
changes required to change trophic states are several orders of magnitude higher, thus it is 
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reasonable to assume that the discharged water from the Isthmus would not have an impact on 
the trophic state of Clear Lake. The total mass contribution of TDP in the 2017 field season 
(0.000013 mg/l) from South Lake to Clear Lake would also appear to be negligible and would 
not increase the trophic state. These calculations were based on the period of time that the 
Isthmus was open during these seasons. If it remained open for longer, than more nutrients 
would be contributed to Clear Lake from South Lake. These calculations do assume equal 
mixing (i.e., the entire volume of Clear Lake was used), which depending on wind/water 
currents, may not be entirely correct. 
Because chlorophyll-a samples and all phosphorus samples from Octopus Lake were 
taken by other Parks Canada employees and analyzed at Maxxam Lab both field seasons, 
absolute values can be compared between seasons. Chlorophyll-a levels followed similar trends 
between 2016 and 2017. Octopus Lake, the Culvert, and the Isthmus remained in the 
oligotrophic to mesotrophic range for the entire field season. Culvert concentrations were 
slightly higher in 2017, potentially due to the beaver dams and build-up of aquatic plants and 
algae. The Channel Start increased to levels characteristic of eutrophic waters mid-summer in 
both seasons. Because chlorophyll-a concentrations are used as a measure of the amount of algae 
growing in a waterbody, this indicates that growth of algae and other aquatic macrophytes was 
occurring at excessive rates. With the addition of excess amounts of nitrogen and phosphorus 
from the lagoon, it is likely that it caused an increase in plant and algae growth. Floating and 
benthic algae were observed in the channel in late June and into July (Figure 3-5). 
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Figure 3-5: Top Left: Biofilm buildup below a beaver dam near Channel End on June 
28, 2017; Top Right: algal bloom near Channel Start on July 20, 2017; Bottom: algae 
near Channel Start on July 20, 2017 
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3.5.3 Statistical Analysis 
The Wilcoxon signed-rank test indicated that for both 2016 and 2017, the distribution of 
concentrations from one site to the next was different for almost every site comparison (Table 3-
1). In 2016, total nitrogen concentrations between the Culvert and Channel Start followed the 
same distributions but in 2017, concentrations of total dissolved nitrogen and total dissolved 
phosphorus did not follow the same pattern. It was predicted that the Culvert would have lower 
concentrations than the Channel Start due to the inputs from the Lagoon. This hypothesis was 
accepted in 2017 and indicates that the Lagoon is most likely the main contributor to excess 
nutrients as opposed to the Culvert. It is unclear as to why they would follow the same 
distribution in 2016, but it could be due to the fact that the culvert was flowing more in 2016 as 
opposed to being dammed and retaining nutrients.  
For the analysis of total nitrogen in 2016 and total dissolved nitrogen and total dissolved 
phosphorus in 2017, there was a difference in distribution of nutrient concentrations between the 
Lagoon and Channel Start. The difference in distributions indicates that nutrients are either being 
reduced or diluted from the time they are discharged from the Lagoon to the time they enter the 
Channel Start (TDP 2017 0.31 mg/l vs 0.12 mg/l, TDN 2017 7.73 mg/l vs 2.21 mg/l). 
The only site comparisons where concentrations were not significantly different were the 
Channel Start to Channel End locations which implies that nutrient uptake is not occurring at a 
significant rate, if at all. The idea behind elongating the flow path of Octopus Creek and the 
Lagoon system was so that bioremediation could occur in the constructed channel. Therefore, the 
channel itself may not be performing the duties that were expected of it. In studies conducted 
prior to this, there have been mixed results about whether or not the constructed channel is acting 
as a filter for nutrients entering the system (Belke and McGinn, 2003; Bergman, 1987). In 
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agreeance with other studies, nutrient concentrations at the Isthmus are higher than that of the 
Channel End. This may be an indication of three different things: 1) that the nutrient rich water 
entering Ominnik Pond is being directed straight towards South Lake with no significant uptake, 
2) internal nutrient loading is occurring because of the amount of nutrients in the sediment or 3) 
that there are nutrients entering into South Lake from a source that was not considered. Scott and 
Sellers (2003) suspected that nitrogen was entering the south basin of South Lake through 
groundwater, though groundwater flow was not found to be a significant component to the water 
balance of South Lake (Chapter 2). However, even small amounts of high concentrations could 
have serious implications for the water chemistry (but not water balance) of South Lake and thus 
more investigation is warranted. Therefore, the increase of nutrients between the Channel End 
and South Lake could be due to surface water mixing between the two basins of South Lake. 
3.5.4 Other Water Quality Observations 
At the end of August 2017, a dead walleye and multiple small northern pike were found 
at the Channel Start. This could have been a result of low dissolved oxygen levels in the 
constructed channel. On this same day, a live pike was found at the Channel End. The 
entrapment of fish upstream of South Lake is a negative aspect of the beaver dams, but the 
sighting of fish in South Lake in late August indicates that were able to survive in low oxygen 
levels. 
Beaver dams caused anomalies at many sites throughout both seasons. Whether a beaver 
dam was artificially or naturally broken, all the sediments that had built up in the impoundment 
were released. When beaver dams broke, flow rates increased allowing the sediment to 
potentially travel farther and have more of an impact on downstream water quality. Between 
both field seasons, the Culvert had dams naturally or artificially broken at least four times and 
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some were quickly rebuilt. The Boat Cove had a small dam broken and rebuilt multiple times 
during 2016 and a large dam broken and rebuilt once in June, 2017 effectively damming flow for 
the rest of the season. Two small dams existed between Channel Start and Channel End in 2016 
with one being broken towards the end of the season. In August of 2016, the beavers constructed 
a very large dam which essentially stopped flow by June, 2017. 
Observations of brown film, oily looking water, algae, and excessive amounts of 
duckweed were made at multiple sites when the water was dammed. A brown film was observed 
on the surface water at the Boat Cove when dammed (Figure 3-6). Benthic and floating algae all 
along the channel as well as a brown film below a beaver dam were observed in late July 2017 
(Figure 3-6) In June of 2016, an extensive amount of floating algae exited from South Lake into 
Clear Lake through the isthmus (Figure 3-6). Foam was also observed in South Lake near the 
Isthmus in August of 2016. All of these observations are evidence that support the conclusions 
that this system is eutrophic. 
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Figure 3-6: Top Left: brown biofilm buildup behind a beaver dam at the Boat Cove 
on June 9, 2017; Top Right: algae buildup at the Isthmus on June 12, 2017; 
Bottom: algae flowing from South Lake to Clear Lake (June 13, 2016) 
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3.5.5 Management Recommendations 
Nutrient concentrations were quantified at different locations along the Octopus – 
Ominnik - South Lake system. It was concluded that they are entering the system from both 
point and non-point sources within and outside the boundary of the park. Nutrients were being 
diluted, taken up by the vegetation, or settled to the bottom by sedimentation as they entered 
from the Culvert and Lagoon. Because there was a reduction of nutrients between all sites but the 
Channel Start and Channel End, it could be argued that redirecting Octopus Creek back to its 
natural flow path would not impact the water quality of Clear Lake. The vegetation in the marsh 
area between the Culvert and Ominnik Pond is likely the main filter for nutrients coming in from 
the Culvert and Lagoon. Redirecting Octopus Creek would by-pass the marsh and nutrient 
loading to Clear Lake may occur. Therefore, it is recommended that: 1) Octopus Creek is not 
redirected back to its natural flow path; 2) A stronger nutrient monitoring program stricter 
nutrient concentration regulations of effluent prior to discharge should be adopted; 3) The 
Isthmus should be permanently closed at its current intermittent location and the natural wetland 
at the westernmost part of divide between the lakes should be restored using vegetation as a 
means to uptake nutrients.  
This system is constantly changing with beavers and precipitation playing a significant 
role in the amount of water, and therefore nutrient loads, moving through the system and into 
Clear Lake. Wind and wave action within Clear Lake also have the ability to significantly impact 
the opening and closing of the Isthmus and therefore, the amount of water that moves between 
the two lakes. Monitoring over a longer period of time will help to determine which management 
recommendations would be successful. 
 
64 
 
3.6 Conclusion 
This study has added to the knowledge base that already exists for the Octopus – 
Ominnik – South Lake hydrological system and further agrees with findings from previous 
studies. The results of the water sample analysis proves that anthropogenic activity is having an 
impact on the water quality of the system as most sites are in the eutrophic-hypereutrophic range 
for most of the summer. Management recommendations to not reconstruct the natural flow path 
of Octopus Creek were made, and recommendations for alternative options were formed. Further 
monitoring of the entire system should take place to ensure that human activities in the Clear 
Lake watershed, particularly the South Lake and Octopus Creek sub-basins, will not have 
negative impacts on the water quality of Clear Lake. 
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4. Historical and Current Management Practices in the Octopus – 
Ominnik – South Lake System, Riding Mountain National Park 
4.1 Introduction 
In response to the proposed question of whether or not to redirect Octopus Creek back to 
its natural flow path, water balance and water quality studies were conducted (See Chapters 2 
and 3). All ins and outs of South Lake were quantified and it was determined that the water 
balance had a small change in storage (lower lake level) for growing seasons (May-September) 
in both 2016 and 2017, which is to be expected. Water quality was determined by water 
sampling at different points along the Octopus – Ominnik – South Lake system. The results 
determined that nutrients from both point and non-point sources inside and outside the boundary 
of the park were entering the hydrologic system and concentrations were lower in Ominnik 
Marsh by the time the water reached the open water portion of the marsh. Nutrient uptake was 
not occurring in the constructed channel between Ominnik Marsh and South Lake; nutrient 
concentrations were higher at the Isthmus than they were at the end of the channel indicating that 
nutrients are either flowing straight through the open water portion of Ominnik Marsh and into 
South Lake, nutrients are entering South Lake from a different source, or internal nutrient 
loading is occurring. These results have important management implications for the water quality 
of Clear Lake and availability of fish habitat in South Lake.  
Clear Lake is the largest and deepest lake in Riding Mountain National Park. It is 
considered to be oligo-mesotrophic with low rates of productivity (Glufka, 1992). South Lake is 
considered to be a shallow, cut-off bay of Clear Lake and is eutrophic with high rates of primary 
productivity (Scott and Sellers, 2005). This has spurred excessive plant growth and has created 
ideal spawning habitat for northern pike (Fawcett, 2011). The lakes are divided by a long sand 
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bar (approximately 1 km long, ranging from 6-50 m wide). Historical survey maps show that 
there was an opening at the westernmost end of the divide (B. Reside. Pers. Comm. 2016). 
Bergman (1987) suggests it may have been in existence until at least 1987, but there is little 
information on its functional existence or closure. It may have been filled in through human 
activities to allow consistent passage (Pers. Comm. B. Reside, 2016; Pers. Comm., C. McKillop, 
2018). Currently, an intermittent opening forms between the two lakes during periods of high 
water and strong wind and wave action. The current location of the opening is approximately 300 
m east of the historical location. The opening and closing of this channel are not monitored and 
fish move freely through the channel when it is open. Therefore, this connection between the 
lakes is important to maintain northern pike populations in Clear Lake (Heap, 1987; Thomas, 
2011). 
Although the surface water connection between the two lakes is important to maintain for 
fish movement, the eutrophic quality of South Lake has the potential to negatively impact the 
oligo-mesotrophic status of Clear Lake. This system is significantly influenced by non-point and 
point sources of pollution coming from outside the boundary of the park as well as from the 
Wasagaming Wastewater Lagoons, a nutrient point source within the park. As of 2012, 
management practices were successful in maintaining Clear Lake’s oligo-mesotrophic trophic 
state, in terms of total phosphorus(White, 2012), but the water quality within South Lake remains 
eutrophic (see Chapter 2) (Bergman, 1987; Scott and Sellers, 2003). Monitoring practices are 
crucial in understanding how these aquatic ecosystems are influencing each other and changing 
over time. 
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There have been numerous studies leading up to 2018 that have made management 
recommendations to RMNP about the Octopus – Ominnik – South Lake system (Table 4-1). The 
objectives of this chapter are to review the results and recommendations made from some of the 
main studies conducted in the past and to make management recommendations related to the 
results of the studies described in Chapters 2 and 3. 
 Table 4-1: Summary of sites mentioned and variables measured in past and present studies 
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4.2 History of the System 
It is unclear exactly what happened to wastewater prior to the construction of the lagoon 
system in 1961, but it is suspected that a dam was constructed in 1936 that cut off Octopus Creek 
and Ominnik Marsh from flowing into Clear Lake (Figure 4-1) (Parks Canada, 1995). It was 
likely that this dam was built to create a holding pond for sewage and/or greywater coming from 
Wasagaming (Belke and McGinn, 2003). Conduits in the dam were opened in the fall and the 
marsh was flushed by the spring freshet to release water from the marsh after it had been sitting 
in the retention pond (Belke and McGinn, 2003). A single cell lagoon was built in 1961, 250 m 
south of Ominnik Marsh. The cell was constructed from in-situ soils consisting mostly of gravel-
clay tills and fine-medium sand occurring at various depths (MacLaren Ltd., 1978; Belke and 
McGinn, 2003). Wastewater was pumped from Wasagaming through a force main under 
Ominnik Marsh into the cell. At this point in time, a 950 m channel was dug between Ominnik 
Marsh and South Lake to divert all inflows from Octopus Creek and the lagoons, west. This 
channel was constructed in hopes that the longer flow path would filter out excess nutrients 
should they be present in the surface water. In 1971 two additional cells were constructed. 
Together, the cells have a surface area of 7.24 ha and can hold a total volume of 97.2 million 
litres (MacLaren Ltd., 1977a). There have been upgrades to the lagoon system over the years to 
enhance their functionality and ability to properly treat wastewater.  
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In 1977 an “Information Survey” was conducted by James F. MacLaren Limited 
consulting group with a “System Design” report (MacLaren Ltd., 1977a; MacLaren Ltd., 1977b.) 
put out the same year. This was followed up by a study titled “Report on Groundwater 
Investigation at the Wasagaming Lagoon Site, Riding Mountain National Park” (MacLaren Ltd., 
1978) that included a one year study and results of a preliminary test drilling and monitoring 
program. At this time, the lagoon cells (located where they currently stand today) were 
hydraulically and organically overloaded and up to 80% of the wastewater was being lost to 
exfiltration to the groundwater (MacLaren Ltd., 1978). The lagoon system also did not meet 
federal or provincial storage guidelines. Their goal was to determine the nature and the extent of 
groundwater pollution that was occurring by exfiltration from the lagoons and to provide a basis 
to justify upgrades. In 1976, only one single discharge of effluent was occurring per year. They 
found that the quality of the effluent being discharged was acceptable (even with the high 
Figure 4-1: 2016 and 2017 study sites. Octopus Lake is located approximately 2-5 km southeast 
of the Culvert 
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loading rates) because of high exfiltration of sewage to the ground (MacLaren Ltd., 1977b). 
They also found that nutrient levels in South Lake were higher than they were in Ominnik Marsh 
and suggested that the lagoons were not having an impact on the water quality of the marsh 
(MacLaren Ltd., 1977a). They noted that a previous engineering study conducted in 1955 
considered South Lake as a possible site for a sewage lagoon, but this was denied because the 
lake already received a significant amount of nutrients from natural sources and was already 
considered polluted (MacLaren Ltd., 1977a), therefore supporting their statement that the 
lagoons were not having an effect on the water quality of Ominnik Marsh.  
In order to reduce the amount of flow that was being contributed to the current system, 
MacLaren Ltd. (1997a) made multiple management recommendations including eliminating 
winter bleeder water and fixing infiltration problems that were contributing to overloading the 
system, lining the existing cells, converting cell 2 to a primary cell, or constructing a fourth lined 
cell (MacLaren Ltd., 1977a). They also suggested that a groundwater monitoring program should 
be implemented to monitor the impact of exfiltration. 
The 1978 report titled “Report on Groundwater Investigation at the Wasagaming Lagoon 
Site, Riding Mountain National Park” (MacLaren Ltd., 1978) found that groundwater 
contamination was occurring in seven out of the eight boreholes they drilled. Water sampling 
indicated that groundwater was flowing west directly towards South Lake and that the most 
serious contamination occurred in the borehole nearest to the west lagoon cell and elevated levels 
of nitrate and ammonia were found in boreholes nearest to South Lake. They also indicated that 
South Lake had poorer water quality than the groundwater being contributed by the lagoons. 
Therefore, they concluded that contamination from the lagoons did not appear to be serious. 
With these results, they suggested that a lagoon lining and enlargement program was not justified 
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at that point in time. There was then a public tender put out for pump house modifications that 
would have benefits such as energy conservation and reduced bleeder flows(MacLaren Ltd., 
1978). They recommend further groundwater monitoring (monthly sampling) take place and 
suggested that a reduction of flow might lessen the pollution effect by increasing retention time 
in the lagoon and lowering groundwater flow velocity which may aid in the filtration/absorption 
of pollutants. 
Bergman (1987) released a study titled “Water quality study for the Wasagaming region 
of Riding Mountain National Park” that was conducted on the lagoon and Octopus system that 
same year. Unfortunately, this study did not include an updated inventory of wastewater disposal 
practices carried out after Maclaren Ltd.’s (1978) study. There were multiple objectives of this 
study, including to determine the impact of runoff from the Octopus and lagoon systems on 
Ominnik Marsh, South Lake, and Clear Lake, determine the possible cause of anaerobic 
conditions in Ominnik Marsh, establish background water quality data for the Octopus – 
Ominnik – South Lake – Clear Lake system, determine a treatment performance of the lagoon 
system, review procedures for the lagoon, and make recommendations about possible upgrades 
and maintenance. 
The report stated that the lagoon cells had not been discharged for several years, although 
it does not say why. The study found that background values of nutrients at all sites were low, 
but by mid-August “total phosphorus levels were well above federal effluent guidelines in cells 
two and three” (Bergman, 1987 p. 17). There was no attempt to determine if seepage from the 
lagoons was occurring, but anecdotal site observations concluded that some seepage was 
draining into Ominnik Marsh due to an odour he hypothesized was the result of anaerobic 
conditions being caused by seepage. The author indicates that the overall lagoon system 
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functions effectively, but there has been an insufficient investigation to determine the extent of 
exfiltration and the risks it may have on ground and surface water. Aside from the lagoons, he 
determined that water draining from Ominnik Marsh to South Lake did not undergo significant 
changes in quality between the marsh and the lake and did not affect the overall water quality of 
South Lake. The site with the highest vegetative growth and dissolved nutrient content was 
South Lake. He speculated that this was due to surface water runoff occurring from adjacent 
agricultural land and that anthropogenic sources are accelerating eutrophication.  
From these results the author made multiple management recommendations. He 
suggested that water line bleeding during the winter dilutes the wastewater and exacerbates 
exfiltration and made the same recommendation as Maclaren Ltd. (1977a) to reduce or stop 
winter bleeding. He recommended that regular discharging of the lagoon system should be 
undertaken on an annual basis during late spring, but water samples should be collected and 
analyzed to ensure that the effluent meets the federal guidelines before being discharged. 
Drainage from future commercial and residential development in the Octopus – Ominnik 
drainage area should be limited and contained before entering the park’s hydrologic system. 
Allowable wastewater treatment practices should be considered for these properties.  
In 1987, Heap conducted a study on fish populations in Clear Lake and South Lake titled 
“Clear Lake/South Lake Fish Study, R.M.N.P”. The study came after a report distributed by 
Hoggins and Holzmiller in 1983 titled “Relationship of South and Clear Lakes for Walleye 
Reproduction”. Heap’s study mainly focused on obtaining population size and harvest 
information on Clear Lake, but recognized the importance of South Lake as spawning habitat 
and determining the winter survival rate of fish. It was stated that the intermittent surface water 
connection between the two lakes was important, especially at certain times of the year. This was 
73 
 
consistent with the findings of Hoggins and Holzmiller. A bathymetric map showed that the 
connection between the two lakes occurred at the western end of the divide. During this study, 
the channel opened briefly (one week) in April in the first season and did not open at all in the 
second. Many fish were observed in and around the channel. Because it is prohibited to fish in 
South Lake, surveillance was established to prevent poaching.  
The study found an abundance of small northern pike in South Lake suggesting that they 
were using the lake as spawning grounds. Studies conducted in the past indicated that that 
walleye were also using South Lake for spawning and that pike may occasionally over winter in 
South Lake, but there was no winter survival the year Heap conducted the study (Wickstrom, 
1983; Toews, 1984; Heap, 1987). Therefore, it was not only a question of how important it is 
that the channel is open or not, but also of how long it remains open. It is important in the spring 
to allow fish to move in to spawn, but also in the fall to let the fish escape into Clear Lake. 
Heap (1987) recommended that channel opening and closing dates should be 
documented. Hoggins and Holzmiller (1983) had similar recommendations, but also suggested 
that the channel between the two lakes should be engineered so that it would resist siltation. It 
was reported that over the last seven years prior to this study, the channel was open in 1982, 
1983, 1986 and 1987, but remained closed in 1984, 1985, and 1988. Monitoring this could have 
very important implications not only for fish populations, but water quality as well. It was 
suggested that studies on the South Lake and Clear Lake should be part of an integrated Aquatic 
Resource Management Plan for the entire park.  
In 1991, Pratt and Associates Inc. Engineering Consultants conducted a study titled 
“Riding Mountain National Park Wasagaming Townsite Utilities Capacity Study” that analyzed 
the efficiency of the sewage utilities and the capacity of the sewage lagoon system. They 
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compared the efficiency and performance of the lift stations and the sewer manholes and 
assessed the maintenance procedures and condition of the Wasagaming Lagoon. From the first 
study, it was concluded that the lift stations generally performed well, the manholes were all in 
excellent shape and the sewers could accommodate flows greater than 15% of the measured peak 
flow; however the water main system needed to be upgraded. From the second portion of the 
study, it was determined that the lagoon system was leaking, but was not affecting the 
groundwater. At this point in time the lagoon was an infiltration system where effluent was 
discharged only when the cells became overloaded. They determined that should a discharge 
event occur, Federal Guidelines for the quality of the effluent being discharged could be met. 
Recommendations by Pratt and Associates Inc. Engineering Consultants (1991) included: 
- The lagoon system should continue to be operated as an infiltration system 
-  The more indirect flow path through Ominnik Marsh and South Lake would 
be preferred as opposed to having it flow straight towards Clear Lake 
(Octopus Creek should remain flowing through the constructed channel) 
- Normal maintenance of the lagoon and surrounding area should take place 
including erosion control, valve maintenance, and the removal of aquatic 
vegetation if it becomes a problem 
-  A monitoring program should be undertaken  which sees that samples are 
collected from the Ominnik Marsh - South Lake system to determine the 
concentration of nutrients leaving the wetland and entering Clear Lake 
In 1993, a workshop was held by the stakeholders in the Clear Lake Basin to develop a 
basis for long term monitoring and management of water quality issues that would ensure long 
term sustainability, social needs, economic viability, and ecological integrity for the watershed. 
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The document titled “A Vision for Water Quality in the Clear Lake Basin” was prepared for 
Canadian Parks Service (Terrestrial and Aquatic Environmental Managers Manitoba Inc., 1993). 
This document is a narrative describing the discussion that took place between the stakeholders. 
The Octopus – Ominnik – South Lake system was brought up multiple times throughout the 
discussion. It was acknowledged by the entire committee that the Wasagaming sewage system 
and agricultural runoff were immediate threats to drinking water quality, recreational water 
quality, and biological water quality. It was suggested by Chief Park Warden, Ray Frey, that by 
redirecting the flow path of the natural Octopus Creek channel, it was affecting fish populations 
in Clear Lake. He believed that that in redirecting Octopus Creek, it created the opening between 
South Lake and Clear Lake because of the increased amount of surface water. In doing this, pike 
were drawn to the ideal spawning habitat within South Lake, but were being trapped there when 
water levels decreased as the summer went on. As a result of these discussions, multiple 
management recommendations were made. 
Terrestrial and Aquatic Environmental Managers Ltd. recommended management 
practices which were mainly based around developing long-term monitoring programs including: 
- Baseline data on chemical, physical, and biological water properties should 
be collected to determine the inflow of nutrients to the Clear Lake basin. 
- All surface water inflows and groundwater interactions to Clear Lake should 
be identified and monitored to determine potential pollution sources from 
outside the park as well as from within the park.  
- Other water related parameters such as freeze up and break up periods, 
seasonal/annual lake levels, beaver dam and lodge counts, Isthmus breaches, 
boat usage, and dockage areas should be monitored. 
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Hawryluik produced multiple reports between 1995 and 2000, which eventually led to a 
thesis titled “Assessment of Phytoplankton Productivity in Clear Lake (Riding Mountain 
National Park) Manitoba (Hawryluik, 2000). In 1995, Hawryluik began research on the water 
quality of Clear Lake. The first report, “Clear Lake Basin Water Quality Report” followed up on 
the recommendations put forth during the Clear Lake Basin Stakeholders meeting in 1993. This 
research involved water sampling for a variety of water quality parameters in the Octopus – 
Ominnik – South Lake system. The first report did not contain any results. Hawryluik’s second 
(interim) report, “Algal Research in Riding Mountain National Park” was completed in 1998. In 
this report, one of the main objectives was to create and algal monitoring protocol for RMNP. It 
was suggested that this could continue into the future and provide important information about 
the water quality of RMNP’s lakes. This report contained a large amount of raw, baseline, water 
quality data on many lakes in the park. From this report, the only recommendation that was made 
was to carry on this monitoring program. In Hawryluik’s final thesis (2000), the objective was to 
quantify phytoplankton productivity in Clear Lake that would eventually aid in developing 
management strategies that would benefit all stakeholders involved. A statistical analysis was 
conducted to determine what factors are responsible for regulating the lake’s productivity. 
Unfortunately, no specific factor or combination of factors could be identified. This research 
provided a significant amount of data for future management decisions to be based on. 
In 1997, Moore, McGinn, and Rousseau conducted a study titled “Spring Freshet 
Nutrient Loading in the Octopus Creek Watershed” which examined the potential sources of 
anthropogenic nutrients and their contribution to nutrient loading in the Octopus Creek system. 
Their water quality analysis indicated that during the spring runoff, elevated concentrations of 
ammonium ion, nitrate ion, and soluble phosphate were present. Values upstream of the outlet of 
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Ominnik Marsh were 2-3 times higher than they were at the outlet of Ominnik Marsh. This 
suggested that the vegetation of the marsh was removing approximately 50% of the ammonium 
ion and 30% of the soluble phosphate.  
From this research, the authors recommended multiple management strategies: 
- Education programs regarding the proper use of septic systems, proper 
disposal of wastewater, and the impact of soap and detergent on water bodies 
should be put into place.  
- Elkhorn Resort should investigate an alternative sewage disposal system and 
that the horse stables just outside the park winter their stock outside the 
Octopus Creek watershed.  
- Both ground water and surface water monitoring programs should be 
continued at sites where potential nutrient loading may be occurring or to 
further determine if Ominnik Marsh is do a sufficient job of filtering the 
surface water.  
A study conducted by Belke and McGinn in 2003 titled “Monitoring Anthropogenic 
Nutrients in a Modified Natural Wetland, Ominnik Marsh, Riding Mountain National Park, 
Manitoba” aimed to examine the impact of the spring melt, the single event lagoon discharge, 
precipitation events, and the vegetal growth sequences on the phosphorus and nitrogen levels in 
Ominnik Marsh. Water sampling was conducted at eight different sites along the Octopus – 
Ominnik system. It was found that there was a successful uptake and reduction of soluble 
phosphorus and total ammonia during the spring freshet. It was also concluded that the lagoon 
discharge was short circuiting the marsh and flowing right from the lagoon to South Lake as 
opposed to dispersing throughout the marsh. Because the effluent was being discharged at such 
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high velocities, it was increasing the amounts of NH3 and soluble phosphorus. Aside from this, 
they found that the conduit or force main under Ominnik Marsh that brings influent from 
Wasagaming may be leaking into the marsh.  
Belke and McGinn (2003) made multiple recommendations including: 
- The force main under Ominnik Marsh should be relocated or replaced to 
reduce raw influent from seeping into the marsh 
- Alternative methods for sewage disposal systems from point sources outside 
the boundary of the park should be investigated 
- Ominnik Marsh should be the focus of future studies to evaluate the potential 
of the vegetation and soil to reduce or remove nutrients  
- Regarding the lagoon, the primary treatment cells should be lined and 
primary treatment and initial screening of wastewater should be conducted 
prior to discharging into the marsh 
- The discharge channel should be moved 150 m east of its current location to 
incorporate a greater area of the marsh 
- The velocity of the effluent discharge should be controlled to reduce the 
agitation of sediments. Regulating the discharge to take place over a longer 
period of time may achieve this 
In 2003, Scott and Sellers (2003) released a report for year one of a two year study titled 
“A Study on the Impact of Sewage Lagoon Effluent on a Receiving Wetland and Adjoining 
Shallow Lake in the Riding Mountain National Park”. The first year aimed to determine the 
influence of the Wasagaming Wastewater Lagoon effluent on the wetland and downstream 
systems to which it releases. The reason for conducting this research project was because Parks 
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Canada was considering re-engineering the lagoon cells. From their study, they found that 
Ominnik Marsh was reducing concentrations of nitrogen and phosphorus as it travelled from the 
lagoon inflow to the channel, but nutrient concentrations at the end of the channel were higher 
than they were at the beginning, suggesting that water quality deteriorated with distance from the 
lagoon. Therefore, the channel may be enhancing nutrient loading to South Lake. 
They concluded that the water quality in South Lake was still worse than Ominnik Marsh 
and suggested that there are inputs from other sources such as groundwater are entering South 
Lake and that this could have a significant impact on the water quality of South Lake. Out of the 
three systems they studied, Octopus Creek, Ominnik Marsh, and South Lake, they determined 
that South Lake poses the greatest threat to Clear Lake. Therefore, they recommended that the 
second year of the study focus more on the dynamics of South Lake and its relationship to Clear 
Lake.  
Scott and Sellers (2005) released their second year report as a continuation of their first 
year study with additional variables measured. The second portion of their study was titled “A 
Qualitative Investigation into the Planktonic Food Chains of Ominnik Marsh and South Lake, 
Riding Mountain National Park”. The focus of study during the second field season was to 
continue water sampling for nutrient concentrations, conduct visual surveys of water quality and 
land use practices around the Ominnik – South Lake system, characterize the phytoplankton and 
zooplankton communities, and determine levels of algal toxins in South Lake. For the second 
year in a row, they found that total nitrogen concentrations were lowest in the open water portion 
of Ominnik Marsh and highest in South Lake. They also found that Ominnik Pond had few 
cyanophytes and low phytoplankton biomass compared to South Lake. Again this indicated that 
water quality was better in Ominnik Marsh than it was in South Lake, although water quality in 
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Ominnik Pond showed signs of deterioration. Through a tracer dye study, they were able to track 
the lagoon effluent from where it entered into Ominnik Pond. From this they were able to make 
two conclusions about Ominnik Marsh; the marsh is not as effective at removing nutrients from 
the water as it could be and the relatively healthy state of the marsh is likely due to the fact that 
surface water is flowing straight through the marsh. 
As a result of their findings, Scott and Sellers recommended that a water and nutrient 
budget for the south basin of South Lake should be conducted to aid in identifying sources of 
nutrients. They suggested that routine monitoring for the water chemistry in Ominnik Marsh and 
South Lake should take place and that characterization of phytoplankton, attached algae, and 
zooplankton should take place in Ominnik Marsh. 
In 2005, Paton et al. (2005) conducted a study titled “Wastewater Reclamation and Re-
use in the Clear Lake Watershed, Riding Mountain National Park, Manitoba”. The study looked 
at the impacts of using effluent from the Wasagaming Lagoons as fertilizer on the hay meadow 
located just west of the lagoons. They analyzed the environmental impacts it would have on 
habitat, soil, and vegetation and considered the long-term sustainability of the project and its 
economic benefits. It was concluded that even with application rates three times higher than what 
is recommended, there were only slight increases in some nutrients in the soil after fertigation, 
but concentrations were still considered to be minimal. A cost analysis for fertigation was 
conducted and determined that if this program was adopted, the hay meadow would return yields 
that could have economic benefits to the park and would increase water quality within the 
Ominnik Marsh – South Lake system. They recommended that Riding Mountain National Park 
consider this as an alternative to discharging the effluent into Ominnik Marsh. This project was 
not carried out after the study was concluded. 
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In 2005, a report titled “Securing the Integrity of Clear Lake and Area: Riding Mountain 
National Park: was prepared by Hilderman Thomas Frank Cram of SEACOR Environmental Inc. 
The purpose of the report was to make management recommendations to secure the ecological 
integrity of Clear Lake. Multiple management objectives included the Octopus – Ominnik – 
South Lake system and surrounding areas that may be contributing to non-point source pollution 
from outside the boundary of the park. There were many management recommendations made 
including: 
- Ensure that the Rural Municipality of Park is properly applying and enforcing 
land use zoning bylaws 
- Measure surface water exchange and surface water flow between South Lake 
and Clear Lake 
- Upgrade sewage collection and treatment systems including converting septic 
fields to pump out tanks 
- Implement riparian protection and wetland conservation projects in the Clear 
Lake basin both inside and outside the boundary of the park  
In 2010, Whitehouse conducted a study titled “Phosphorus Scavenging through Calcite 
Co-Precipitation: Bringing Clarity to Clear Lake” that focused on evaluating and describing the 
dynamics occurring within the phosphorus biogeochemical cycle of Clear Lake. Because of its 
oligo-mesotrophic status, phosphorus inputs from point sources such as the wastewater treatment 
facility and the town site were having a significant impact on water quality. In 2008 an algal 
bloom caused rapid and pronounced changes to the dissolved oxygen and pH values in Clear 
Lake. After physiochemical measurements were taken it was confirmed that the waters remained 
supersaturated with calcite (CaCO3). It was confirmed that the Calcite Saturation Index of the 
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lake water and total dissolved phosphorus were inversely correlated. It was concluded that the 
majority of phosphorus entering the lake co-precipitated with calcite and remained locked in the 
lake sediments as apatite. With regards to the system in question, Whitehouse concluded that the 
lagoons were a significant input of phosphorus to Clear Lake. 
Whitehouse (2010) recommended that the lagoon effluent discharge coincided with 
conditions that are conducive to CaCO3 precipitation and algal growth (i.e. warm periods with 
low inflow from surface water sources and high evaporative loss from surface water) in order to 
maximize the efficiency of this scavenging mechanism. If regulating the timing of wastewater 
release is insufficient in reducing elevated levels of P, artificially enriching the surface water of 
Clear Lake with Ca2+ and CO3would suffice. This would involve redirecting surface water inflow 
from Octopus Creek away from Clear Lake with a diversion constructed from South Lake to 
Clear Creek. Whitehouse suggests that “in the case of Clear Lake the solution to pollution does 
not appear to be dilution”. 
In 2011, two separate studies were produced on northern pike (Esox Lucius) in Clear 
Lake and South Lake. One study “Tracking Movements and Habitat use of Northern Pike (Esox 
lucius) using VHF Telemetry in Riding Mountain National Park” focused on their movement to 
determine home range sizes (Thomas 2011). The study concluded that fish move between the 
lakes throughout the summer and not just during spawning.  The second study, “Identification of 
Northern Pike (Exos lucius L.) Spawning Sites in South Lake, Riding Mountain National Park, 
using VHF Telemetry” focused on spawning patterns and habitat selection (Fawcett 2011). The 
second study used nano-VHF telemetry tags inserted into the oviduct of female pike, which were 
expelled during spawning. During both studies, the break in the Isthmus remained open for the 
entire duration of the study. The study concluded that South Lake is a critical ecologically 
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important area for northern pike spawning and that their declining populations may be related to 
the closure of the sand bar between the two lakes.  
Both studies conducted by Thomas and Fawcett (2011) recommended that natural levels 
of connectivity between the two lakes should occur in order to maintain healthy populations of 
northern pike. In both cases, it was recommended that further research be undertaken to 
determine whether overwintering can occur in South Lake and to gain a better understanding of 
movement between the two lakes. 
Following up in part on recommendations made by many of the aforementioned studies, a 
study conducted by Butcher in 2017 titled “Ecological Restoration Options for Clear Lake and 
South Lake (Riding Mountain National Park), Manitoba” aimed to develop ecological restoration 
options for Clear Lake and South Lake. The main objectives were to identify sources of high 
nutrient concentrations and to examine options to mediate increased nutrient loading and options 
regarding the surface water connectivity between South Lake and Clear Lake. The study 
determined that Octopus Creek and South Lake contribute a significant amount of nutrients to 
Clear Lake and that in order to “Keep the Clear in Clear Lake” the water quality of South Lake 
be restored. It was recommended that the best option to restore the south basin of South Lake 
was to create conditions conducive to macrophyte dominance. 
Butcher (2017) conducted a cost analysis for multiple restoration projects that included 
their benefits and downfalls and the cost of carrying out each project. As for the restoration of 
South Lake, management recommendations included: 
- The transplantation of cattails and bulrushes to South Lake to increase 
nutrient uptake 
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- The installation of silt fencing between the north and south basin of South 
Lake to decrease wind driven mixing 
- Chemical inactivation of phosphorus by the addition of alum 
- Dredging for the removal of sediment.  
For the restoration of Clear Lake it was suggested that: 
- Aerators be installed to decrease hypolimnetic ammonia concentrations and 
reduce internal phosphorus loading.  
For the management of the connection between South Lake and Clear Lake, three 
solutions were recommended by Butcher including: 
- Leave the system the way it naturally flows 
- Control the breach in the sand bar and when it opens and closes 
- Permanently close the isthmus 
4.2.1 Changes as a Result of Management Recommendations 
This thesis represents the most recent study that follows up on previous management 
recommendations. The aim of this study was to advise RMNP on whether or not it was a good 
idea to redirect Octopus Creek back to its natural flow path in accordance with Parks Canada’s 
mandate to restore ecological integrity. The first part of the study consisted of a water quality 
portion which suggested that cutting off the surface flow to South Lake may not allow the 
isthmus to open which could impact fish spawning. The second part of the study focussed on 
water quality at different points along the system. It was determined that nutrients were being 
reduced or diluted between the lagoon and the beginning of the constructed channel, but not 
between the beginning and end of the constructed channel. There was also an increase in nutrient 
concentrations between the end of the channel and the Isthmus which suggested that either the 
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nutrients entering Ominnik Marsh were by-passing the open water portion of the wetland and 
going straight into South Lake, that there are nutrients coming from other sources surrounding 
South Lake, or that internal nutrient loading is occurring. Therefore, it was recommended that 
the flow of the current hydrologic system be left the way it currently is and not to redirect 
Octopus Creek back to its natural flow path. From these recommendations, there are many other 
management practices that could be implemented. 
Recommendations regarding the water balance portion included: 
- It is recommended that the opening and closing of the Isthmus is monitored. 
In doing so, it can be better understood how dry years affect how often it is 
open. This, along with the results of previous studies that indicate when fish 
are most likely to use the opening will allow for a better understanding of 
how it should be maintained. With this information, the Isthmus can be 
manually opened or closed during dry periods to let pike in to spawn and 
later, let the fry out to maintain fish populations in Clear Lake. 
- It is recommended that the wetland at the western most end of the divide 
between South Lake and Clear Lake be restored. It should be restored in a 
way that the surface water between the two lakes will be connected at all 
times to allow fish movement. Adding a bridge with a fish ladder will elicit 
fish movement and will allow humans to enjoy the natural area. The 
restoration of this wetland will allow the permanent closure of the 
intermittent opening that currently forms between the two lakes. Because the 
Isthmus is a well-known and popular spot, the addition of interpretive signage 
will display its importance to the ecosystem.  
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With this information, the isthmus can be manually opened or closed during dry periods 
to let pike in to spawn and later, let the fry out to maintain fish populations in Clear Lake. As for 
the water quality portion of the study, it was recommended that: 
- It is recommended that the flow of water incoming to South Lake is controlled 
and discharged when it is of suitable water quality. Decreasing flow rates would 
allow for increased retention times and increased nutrient uptake to occur. During 
the beginning of the season when there are less nutrient inputs to the system, 
water would be allowed to flow freely to South Lake. This would allow the 
isthmus to remain open for fish movement between Clear Lake and South Lake. 
The downside to regulating flow rates in the constructed channel would be that 
the water quality of Ominnik Pond may deteriorate. The water may become more 
turbid and algae and macrophyte growth may take over the open water portion of 
the marsh. This would negatively impact the interpretive program that takes place 
on the board walk, but would reduce the chances of the lagoon effluent flowing 
directly to South Lake. 
- It is recommended that effluent from the Wasagaming Wastewater Lagoons be 
monitored more closely before being discharged into Ominnik Marsh. Currently, 
there is only one water sample taken by park staff per year (P. Tarleton, May 
2018). Throughout the course of this study when weekly water samples were 
taken, they all met the wastewater standards recommended by Manitoba Water 
Stewardship (2011). Although the dissolved phosphorus and nitrogen 
concentrations meet these guidelines, the effluent will still have impacts on 
downstream water quality as the guideline concentrations are still very high in 
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terms of water quality. If there is an interest in restoring or increasing the quality 
of water in the system or reducing nutrient concentrations to levels that will not 
increase primary productivity, the effluent must be below the provincial standard. 
- It is recommended that a subsurface flow constructed wetland be installed 
between the lagoon outflow and Ominnik Marsh. It should be configured in a way 
that effluent can be discharged throughout the winter months which would 
decrease the amount of nutrient loading in the summer. Furthermore, this would 
decrease the amount of algal growth in the channel, have better habitat quality for 
fish species, and remove nutrients at higher rates before they enter South Lake. 
- Perhaps a less expensive option than a constructed wetland would be the addition 
of floating vegetation to one or more of the lagoon cells to increase nutrient 
uptake. Currently rooted vegetation is deterred as it may cause damage to the cell 
lining (Chris Hanson, pers. Comm. 2018), but duckweed or floating cattail mats 
are capable of nutrient uptake and will not become rooted. Harvesting or removal 
of the vegetation within the cells before it dies can then occur to completely 
remove the nutrients from the system. There is an abundance of floating cattail 
mats in Ominnik Marsh which could be transplanted into one of the lagoon cells. 
- Sources of point and non-point source pollution within the Octopus Creek sub-
basin should be identified and monitored. This recommendation has been made in 
previous studies, but remains a problem. Because these inputs are occurring 
outside the boundary of the park, organizations such as the Riding Mountain 
Biosphere Reserve and the Little Saskatchewan River Conservation District 
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should be involved to collaborate and monitor nutrient inputs along Octopus 
Creek. 
- The obvious and most well studied contributors to nutrient loading in this system 
are incoming surface water from Octopus Creek and the Wasagaming Wastewater 
Lagoons. But, because there are higher concentrations of nutrients in South Lake 
than there are coming in from the channel, nutrient loading is likely occurring 
from other sources. It is recommended that potential sources of non-point and 
point source nutrient inputs to the south basin of South Lake are investigated. 
- A fertigation system should be reconsidered where effluent from cell 3 is used as 
fertilizer on the adjacent hay field (as recommended by Paton et al., 2005). 
Although, cutting off the lagoon flow would help the water quality of the system, 
it may not allow the isthmus to open as it is such a large contributor to surface 
water (Chapter 2). 
4.3 Discussion 
Over the last 40 years, there have been many changes made to the system as a result of the 
aforementioned management recommendations. In many cases, it was difficult to determine if 
management recommendations were acted upon from one study to the next, but overall the 
system has been improved upon. Over the years, there has been a 50% reduction in winter 
bleeder water (Hanson, 2018 Pers. Comm) and there have been multiple lagoon upgrades. With 
the upgraded lagoon system there came a change in the discharge regime from one single 
discharge to a continuous discharge, and more monitoring takes place today throughout the entire 
system than before. Perhaps the biggest change in the system came in 2010 with a large upgrade 
to the lagoon system. 
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 In 2010, a third lagoon upgrade was completed. A document produced by Wardrop in 
2006 indicated that the main reasons for upgrading the lagoons were due to the fact that 
approximately 80% of the wastewater was being lost through leakage before reaching the final 
discharge, the forcemain under Ominnik Marsh was possibly leaking, and the septic field at the 
Elkhorn Resort had failed and was leaking toward Octopus Creek. The project upgrade included 
lining the lagoons to eliminate exfiltration, upgrading the facultative process to include aeration 
for the reduction of ammonia and phosphorus concentrations, introducing a UV lamp to disinfect 
wastewater before it is released and the replacement or addition of forcemains and lift stations to 
tie Elkhorn Resort and the RMNP Maintenance compound into the lagoon system. The new 
system was to be operated as a seasonal discharge system with effluent being released only 
between June 15 and October 31 (avoiding fish spawning season).  
Currently, the system still flows the way it has been since all of these studies have been 
conducted with the natural flow path of Octopus Creek being diverted into South Lake. Although 
this goes against Parks Canada’s mandate to restore ecological integrity, many studies have 
speculated that redirecting Octopus Creek back to its natural flow path could have negative 
effects on the receiving waters (this thesis; Butcher, 2017; Pratt and Associates Inc. Engineering 
Consultants, 1991). Aside from the recommendation to leave the system the way it currently 
flows, many of the results and management recommendations from this study are very similar to 
those in previous studies.  
With regards to the water balance, it was found that surface water inputs from upstream 
of South Lake dictate whether the isthmus is opened or closed (Chapter 2; Heap 1987). This 
impacts northern pike movement between Clear Lake and South Lake (Thomas, 2011; Fawcett, 
2011; Heap, 1987). In Chapter 2 there were many instances where adult northern pike and fry 
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were observed at the Isthmus and were trying to find a way into Clear Lake when there was no 
surface water connection. Because there is a correspondence between the health of the northern 
pike population and the surface water connection between the two lakes, there were many 
management recommendations that were made in the past that have not been acted upon: 
- The opening and closing of the isthmus should be monitored and the 
connection should be maintained to promote fish movement and healthy 
populations 
- Fish movement between Clear Lake and South Lake should be monitored  
With regards to water quality, it was found that nutrient concentrations were high at most, 
if not all, of the monitoring points at the Culvert, Lagoon, Ominnik Marsh, and South Lake in 
relation to Clear Lake (Chapter 3; Butcher 2017; Whitehouse, 2010; Scott and Sellers, 2003; 
Belke and McGinn, 2003; Moore et al., 1997; Bergman, 1987). It was also found that nutrient 
concentrations were higher in South Lake than they were in Ominnik Marsh, indicating that the 
effluent is potentially bypassing the marsh or entering South Lake from sources that have not 
been considered (Chapter 3; Scott and Sellers, 2003; MacLaren Ltd., 1977a). From these studies, 
there were many common recommendations that have yet to be implemented or there are still 
negative impacts occurring even though changes have been made. These recommendations 
include: 
- Nutrient concentrations should be monitored and reduced at the lagoon before 
they enter Ominnik Marsh 
- The historical wetland at the westernmost side of the isthmus should be 
restored 
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- Locations where point and non-point sources of pollution are entering the 
hydrologic system outside the boundary of the park should be identified and 
nutrients should be reduced before entering the park 
The Little Saskatchewan River Conservation District (LSRCD) encompasses both the 
Octopus Creek and South Lake sub-basins which drain towards Clear Lake. There is not a lot of 
water quality programming in these sub-basins, but there is a voluntary program and incentives 
for land owners living or farming within the watersheds. There is no water sampling that takes 
place in the Octopus Creek or South Lake sub-basins before or after a program is implemented 
(Pers. comm. C. Cuvelier, 2018). There is currently no relationship between the LSRCD and 
RMNP (Pers. comm. C. Cuvelier, 2018). The LSRCD is located within the Riding Mountain 
Biosphere Reserve (RMBR) which currently does not do any water sampling in these areas 
either, but would be willing to take on the task (Pers. Comm. Jim Irwin, 2018). 
4.4 Conclusion 
Technically, the constructed channel is not contributing to the nutrient uptake process. 
Studies have shown that nutrient uptake occurs between the lagoon and Ominnik Marsh, but not 
in the constructed channel. Therefore, if the hydrological system were to be restored back to its 
natural flow path there would technically be the same amount of nutrients entering Clear Lake 
from the open water portion of Ominnik Marsh regardless of whether it came from Octopus 
Creek or through the Isthmus. With that being said in order to keep the connection to maintain 
northern pike spawning habitat, the surface water from the constructed channel should not be cut 
off or the Isthmus may not open.  
At this point, the decision would be whether the most important goal from an ecological 
standpoint is to “Keep the Clear in Clear Lake” and to maintain spawning habitat for northern 
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pike by keeping the system the way it currently flows or restoring Octopus Creek back to its 
natural flow path to preserve its ecological integrity, but by doing so, potentially damaging the 
ecological integrity of Clear Lake. Because this system has undergone so many anthropogenic 
alterations, and will continue to as long as humans are living within the Octopus Creek sub-
basin, the ecological integrity of Octopus Creek – Ominnik Marsh – South Lake system will be 
compromised.  
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5. Conclusion 
In response to the question asked by Parks Canada about whether or not to reroute Octopus 
Creek back to its natural flow path, water quantity and quality studies were undertaken. It was 
determined that by redirecting Octopus Creek back to its natural flow path, there would be a 
significant reduction of surface water to South Lake. This could negatively impact northern pike 
populations as it would reduce the amount of spawning habitat they have. If the surface water 
were redirected back to its natural flow path, the water quality of Clear Lake would be 
significantly impacted because of excess amounts of nutrients that are entering the system, but it 
could reopen historic northern pike spawning habitat in Octopus Creek. Therefore, it is 
recommended that until there is a reduction in nutrient inputs from anthropogenic sources and 
the system should remain the way it currently flows. Further research and monitoring should take 
place to determine which recommendations from Chapter 4 should be considered.  
Parks Canada’s “guiding principles for action” should all be considered in the final 
management decision for this flow path. The ecological integrity of the historical flow path of 
Octopus Creek would not be restored if the system is left the way it currently flows, but restoring 
the wetland at the westernmost portion of the Isthmus would correspond to the first guiding 
principle. It is important to consider what can be done to ensure that the water quality of Clear 
Lake remains healthy. This would correspond to the second guiding principle in that the process 
of reducing nutrient inputs to the system would be a lot more effective and efficient than trying 
to fix the problem after deterioration occurs. As per the third guiding principle, it is important to 
note what the implications of redirecting Octopus Creek would have on the relationship between 
humans and the environment. Because Clear Lake is very important for recreational purposes, 
introducing excess nutrients may cause water quality to deteriorate and make the lake less 
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desirable. By eliminating the surface water connection to South Lake, it will reduce spawning 
habitat for fish. This also has cultural implications as fishing is a major activity performed on 
Clear Lake.  
This thesis provides management recommendations and a literature review of many studies 
that have been conducted in the same study area. It was found that multiple recommendations 
were similar or the same as recommendations made in many of the previous studies. There have 
been changes in the system over time to try and reduce anthropogenic nutrient loading to this 
system, but it is still occurring. It is recommended that continuous monitoring of this flow path 
takes place so as not to cause further deterioration to this hydrologic system.  
  
95 
 
6. References 
Alexander, R. B., Boyer, E. W., Smith, R. A., Schwarz, G. E., and Moore, R. B. (2007). The role 
of headwater streams in downstream water quality. Journal of the American Water 
Resources Association, 43(1), 41–59.  
Anda, A., Simon, B., Soos, G., Teixeira da Silva, J. A., and Kucserka, T. (2016). Effect of 
submerged, freshwater aquatic macrophytes and littoral sediments on pan evaporation in 
the Lake Balaton region, Hungary. Journal of Hydrology, 542, 615–626.  
Belke, S. E., and McGinn, R. A. (2003). Monitoring anthropogenic nutrients in a modified 
natural wetland; Riding Mountain National Park, Manitoba. Prairie Perspectives. 6: 16-31. 
Bergman, D. H. (1987). Water quality study for the Wasagaming region of Riding Mountain 
National Park. Environmental Protection Services, Environment Canada. 
Butcher, A. (2017). Ecological restoration options for Clear Lake and South Lake (Riding 
Mountain National Park), Manitoba. MSc. Thesis, Simon Fraser University. 
Brutsaert, W. H. (1982). Evaporation into the atmosphere: Theory, history, and application. (G. 
T. Csanady, Ed.). Hingham, MA: D. Reidel Publishing Company. 
Canadian Council of Ministers of the Environment. (1999). Glossary. In: Canadian 
Environmental Quality Guidelines. Winnipeg. Retrieved from http://ceqg-
rcqe.ccme.ca/download/en/94 
Canadian Council of Ministers of the Environment. (2008). Canadian Water Quality Guidelines. 
Ottawa, Ontario. Retrieved from 
https://www.ccme.ca/files/Resources/supporting_scientific_documents/cwqg_pn_1040.pdf 
Canadian Council of Ministers of the Environment. (2011). Protocols Manual for Water Quality 
Sampling in Canada. Retrieved from 
https://www.ccme.ca/files/Resources/water/water_quality/protocols_document_e_final_10
1.pdf 
Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W., Sharpley, A. N., and Smith, V. 
H. (1998). Nonpoint pollution of surface waters with phosphorus and nitrogen. Ecological 
Applications, 8(3), 559. 
Canada National Parks Act. Canada National Parks Act, Pub. L. No. S.C. 2000, c.32, Minister of 
Justice. (2018). Retrieved from http://laws-lois.justice.gc.ca/PDF/N-14.01.pdf 
Canadian Parks and Wilderness Society. (2010). Riding Mountain Ecosystem: Community Atlas. 
Winnipeg, Manitoba. Retrieved from http://cpaws.org/uploads/pubs/atlas-ridingmtn.pdf 
96 
 
Cuvelier, C. (April 2018). Personal Communication. Little Saskatchewan River Conservation 
District Manager. 
Davis, A. P., Shokouhian, M., Sharma, H., and Minami, C. (2006). Water quality improvement 
through bioretention media: Nitrogen and phosphorus removal. Water Environment 
Federation, 78(3), 284–293.  
Dodds, W.K. (2002). Freshwater Ecology: Concepts and environmental applications. California: 
Academic Press. 
Environment and Climate Change Canada. (2017). Canada Water Act Annual Report for April 
2015 to March 2016.  Retrieved from: http://ec.gc.ca/eau-
water/default.asp?lang=En&n=5790DB8F-1&offset=1. Date accessed: April 5th, 2018. 
Environment Canada. (2018). Weather Data. Retrieved from: 
http://climate.weather.gc.ca/climate_data/daily_data_e.html?StationID=3562. Date 
Accessed: January 28, 2018. 
Environmental Protection Agency. (1983). Methods for chemical analysis of water and wastes. 
Washington, DC. Retrieved from 
https://www.wbdg.org/FFC/EPA/EPACRIT/epa600_4_79_020.pdf 
Fawcett, K. (2011). Identification of northern pike (Exos lucius L.) spawning sites in South Lake, 
Riding Mountain National Park, Using VHF Telemetry. BSc. Thesis, Brandon University. 
Francis, M. M., Naimant, R. J., and Melilld, J. M. (1985). Nitrogen fixation in subarctic streams 
influenced by beaver (Castor canadensis). Hydrobiologia, 121(3), 193–202.  
Freeman, M. C., Pringle, C. M., and Jackson, C. R. (2007). Hydrologic connectivity and the 
contribution of stream headwaters to ecological integrity at regional scales. Journal of the 
American Water Resources Association, 43(1), 5–14. 
Glufka, R.W. (1992). Water Quality Issues in the Clear Lake Basin Riding Mountain National 
Park. RDI Report Series 1992-4. Rural Development Institute, Brandon University, 
Brandon, Manitoba. Prepared for Riding Mountain National Park and the Canadian Parks 
Service 
Gomez, E., Fillit, M., Ximenes, M. C., and Picot, B. (1998). Phosphate mobility at the sediment–
water interface of a Mediterranean lagoon (etang du Méjean), seasonal phosphate variation. 
Hydrobiologia, 373374, 203–216.  
Government of Manitoba, n.d. Agriculture Soil Management Guide. Retrieved from: 
https://www.gov.mb.ca/agriculture/environment/soil-management/soil-management-
guide/print,nutrient-management.html. Accessed on April 4, 2018. 
97 
 
Hamon, W. R. (1960). Estimating potential evapotranspiration. BSc. Thesis, Massachusetts 
Institute of Technology.  
Hanson, C. (2018). Personal Communication. Asset Manager, Riding Mountain National Park. 
March 28, 2018. 
Hawryliuk, Y.N. (2000). Assessment of phytoplankton productivity in Clear Lake (Riding 
Mountain National Park), Manitoba. MSc. Thesis, University of Manitoba. 
Hawryliuk, Yvonne, N. (1995). Clear Lake basin water quality report. Produced for Riding 
Mountain National Park. 
Heap, M. (1988). Review of the South Lake/Clear Lake Fish Study for 1987 and 1988. Produced 
for Riding Mountain National Park. 
Hellwig, J., Stahl, K., and Lange, J. (2017). Patterns in the linkage of water quantity and quality 
during low-flows. Hydrological Processes, 31(23), 4195–4205.  
Hilderman, T. F. C. (2005). Securing the Integrity of Clear Lake and Area. Report prepared for 
Parks Canada. 
Hilton, J., O’Hare, M., Bowes, M. J., and Jones, J. I. (2006). How green is my river? A new 
paradigm of eutrophication in rivers. Science of the Total Environment, 365(1–3), 66–83. 
Hobbs, R. J., Higgs, E., & Harris, J. A. (2009). Novel ecosystems: implications for conservation 
and restoration. Trends in Ecology & Evolution, 24(11), 599–605.  
Hoggins, T., Holzmiller, J. (1983). Relationship of South and Clear Lakes for walleye 
reproduction. Progress Report No. IV. 
Hvorslev, M. J. (1951). Time lag and soil permeability in ground-water observations. Waterways 
Experimental Station Bulletin 36. Vicksburg, MS: US Army Corps of Engineers.  
Irwin, Jim. (February, 2018). Personal Communication. Chair, Riding Mountain UNESCO 
World Biosphere Reserve. 
Jarvie, H. P., Sharpley, A. N., Spears, B., Buda, A. R., May, L., and Kleinman, P. J. A. (2013). 
Water Quality Remediation Faces Unprecedented Challenges from “Legacy Phosphorus.” 
Environmental Science & Technology, 47(16), 8997–8998.  
Jones, F. E. (1992). Evaporation of Water: With emphasis on applications and measurements. 
Chelsea, Michigan: Lewis Publishers, Inc. 
MacLaren, J. Ltd. (1977a). Engineering Study of Sewage Treatment and Disposal Requirements 
for Riding Mountain National Park, Manitoba: Volume 1 – Information Survey. 
MacLaren, J. Ltd. (1977b). Engineering Study of Sewage Treatment and Disposal Requirements 
for Riding Mountain National Park, Manitoba: Volume 2 – System Design. 
98 
 
MacLaren, J. Ltd. (1978). Report on Groundwater Investigation at the Wasagaming Lagoon Site, 
Riding Mountain National Park. 
Manitoba Water Stewardship. (2011). Manitoba Water Quality Standards, Objectives, and 
Guidelines. Winnipeg. Retrieved from 
https://www.gov.mb.ca/waterstewardship/water_quality/quality/pdf/mb_water_quality_sta
ndard_final.pdf 
McKillop, C. (May, 2018). Ecologist Team Leader, Parks Canada. Personal Communication. 
McMahon, T. A., Peel, M. C., Lowe, L., Srikanthan, R., and McVicar, T. R. (2013). Estimating 
actual, potential, reference crop and pan evaporation using standard meteorological data: a 
pragmatic synthesis. Hydrology and Earth Systems Science, 17, 1331–1363. 
Meybeck, M., Kuusisto, E., Mäkelä, A., and Mälkki, E. (1996). Water Quality Monitoring -A 
Practical Guide to the Design and Implementation of Freshwater Quality Studies and 
Monitoring Programmes Edited Chapter 2 -WATER QUALITY. In J. Bartram & R. 
Ballance (Eds.), 1st ed., pp. 9–32. Padstow, Corwall: TJ Press. 
Mitsch, W., and Gosselink, J. (2000). Wetlands (3rd ed.). New York: John Wiley & Sons. 
Moore, K. L., and McGinn, R. A., and Rousseau, P. (1997). Spring Freshet Nutrient Loading in 
the Octopus Creek Watershed. 
Neumann, N. N. (2013). The ecohydrology of coupled surface water-groundwater systems. MSc. 
Thesis, University of British Columbia. 
New Hampshire Department of Environmental Services. (2010). Iron Bacteria in Surface Water. 
Environmental Fact Sheet. Concord, New Hampshire. Retrieved from 
https://www.des.nh.gov/organization/commissioner/pip/factsheets/bb/documents/bb-18.pdf 
Nürnberg, G. K. (1996). Trophic state of clear and colored, soft and hardwater lakes with special 
consideration of nutrients, anoxia, phytoplankton and fish. Lake and Reservoir 
Management, 12(4), 432–447. 
Organization for Economic Co-operation and Development. (1982). Eutrophication of waters: 
monitoring, assessment and control. Washington, D.C.: Organization for Economic Co-
operation and Development. Retrieved from https://catalogue.nla.gov.au/Record/1904210 
Parks Canada. The Parks Canada Charter (2002). 
Parks Canada. (2017). Ecosystem management and ecosystem models. Retrieved from: 
https://www.pc.gc.ca/en/pn-np/ab/banff/info/gestion-management/enviro/approche-eco-
mgmt Date Accessed: May 2, 2018. 
Parks Canada. (2018). Science and Conservation: Ecological Integrity. Retrieved from: 
https://www.pc.gc.ca/en/nature/science/conservation/ie-ei. Date Accessed: May 2, 2018. 
99 
 
Parks Canada. (2016). State of Canada’s Natural and Cultural Heritage Places. Retrieved from 
https://assets.documentcloud.org/documents/3417471/Elnhc-scnhp2016-E.pdf 
Parks Canada Agency. (2000). “Unimpaired for Future Generations”? Protecting Ecological 
Integrity with Canada’s National Parks. Vol. I “A Call to Action.” Vol. II “Setting a New 
Direction for Canada’s National Parks.” Report of the Panel on the Ecological Integrity of 
Canada’s National Parks. Ottawa, ON. Retrieved from 
http://publications.gc.ca/collections/Collection/R62-323-2000-1E.pdf 
Parks Canada. (1995). Untitled Document. Retrieved from: Parks Canada Document Library. 
Accessed on: December 15, 2017. 
Parks Canada Agency. (2008). Action on the Ground II: Working With Canadians to Improve 
Ecological Integrity in Canada’s National Parks. Retrieved from http://qe2a-
proxy.mun.ca/login?url=http://site.ebrary.com/lib/memorial/Doc?id=10104361 
Parsons, F. S., and McGinn, R. A. (1992). Cyclic water levels in Clear Lake, Riding Mountain 
National Park, Manitoba. Prairie Perspectives, 2, 116–135.  
Pratt, G.A. and Associates Inc. (1991). Riding Mountain National Park Wasagaming townsite 
utilities capacity study. Winnipeg. 
Prince Edward Island. (2015). Red, Green and Brown: What’s in the Water? | Prince Edward 
Island. Retrieved March 29, 2018, from 
https://www.princeedwardisland.ca/en/information/communities-land-and-
environment/red-green-and-brown-whats-water 
Reside, B. (2016). Clear Lake Project Manager, Riding Mountain National Park. Personal 
Communication. 
Rousseau, P. (1992). Water Quality Monitoring Plan, Clear Lake, Riding Mountain National 
Park. 
Scott, K., and Sellers, P. (2003). A study on the impact of sewage lagoon effluent on a receiving 
wetland and adjoining shallow lake in the Riding Mountain National Park. Report for 
Riding Mountain National Park. 
Scott, K., and Sellers, P. (2005). A qualitative investigation into the planktonic food chains of 
Ominnik Marsh and South Lake, Riding Mountain National Park. Report for Riding 
Mountain National Park. 
Shimadzu. (2014). 680 °C Combustion Catalytic Oxidation Method Measurement Principles. 
Retrieved from: https://www.shimadzu.eu/680-%C2%B0c-combustion-catalytic-oxidation-
method-measurement-principles. Date Accessed: April 6, 2018. 
100 
 
Smith, V. H., Tilman, G. D., and Nekola, J. C. (1999). Eutrophication: impacts of excess nutrient 
inputs on freshwater, marine, and terrestrial ecosystems. Environmental Pollution, 100(1–
3), 179–196.  
Søndergaard, M., Peder Jensen, J., and Jeppesen, E. (2003). Role of sediment and internal 
loading of phosphorus in shallow lakes. Hydrobiologia, 506509, 135–145.  
Tarleton, P. (May, 2018). Resource Conservation Manager, Riding Mountain National Park. 
Personal Communication. 
Thomas, R. J. (2011). Tracking movements and habitat use of Northern Pike (Esox lucius) using 
VHF telemetry in Riding Mountain National Park. BSc. Thesis, Brandon University. 
Terrestrial & Aquatic Environmental Managers Manitoba Inc. (1993). A Vision for Water 
Quality in the Clear Lake Basin: Workshop Proceedings. Royal Oak Inn, Brandon, March 
9-11, 1993. Prepared for Canadian Parks Service. 
Toews, C. (1984). Summary report of South/Clear Lake fish study for 1984. Wasagaming, MB: 
Parks Canada. Riding Mountain National Park Report. 
Wardrop. (2006). Wasagaming wastewater treatment system upgrading project. Report to Riding 
Mountain National Park. Winnipeg.  
Westchester County Department of Planning. (n.d.). Field Guide to Aquatic Phenomena. 
Retrieved from 
http://priede.bf.lu.lv/grozs/HidroBiologjijas/FieldGuideAquaticPhenomena.pdf 
White, C. A. (2012). Sedimentary diatoms as indicators of water quality and ecosystem change 
in lakes of Riding Mountain National Park of Canada. MSc. Thesis, University of British 
Columbia. 
Whitehouse, R. D. (2010). Phosphorus scavenging through calcite co-precipitation: bringing 
clarity to Clear Lake. MSc. Thesis, University of British Columbia.  
Wickstrom, R.D. (1983). The walleye, Stizostedion vitreum (Mitchell), population in Clear Lake, 
Riding Mountain National Park and its relationship to adjacent South Lake. Winnipeg: 
Canadian Wildlife Service. 
World Health Organization. (1999). Toxic Cyanobacteria in Water: A guide to their public health 
consequences, monitoring and management. In I. Chorus & J. Bartram (Eds.), pp. 235–
273.  
 
